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PEEFACE. 


The organisms considered in agricultural bacteriology are 
specifically the most numerous, chemically the most active, and 
economically the most important known. This being true, why is 
so much interest shown in the injurious and so little in the beneficial 
bacteria? There are two chief reasons for this condition. When 
an outlaw commits some crime against human society it is heralded 
far and near and the machinery of the law is set in operation to 
apprehend the culprit and bring him to justice. So it is with these 
outlaws in bacterial society. The typhoid, or perchance some other 
disease-producing organism, attacks some individual, or it may be 
an entire community. If it be typhoid, we hear of the long-drawn- 
out fight between the human individual on the one hand and the 
invisible enemy on the other. If disease be not cheeked it spreads 
to other places, and, as in the Dark Ages, sweeps like a prairie-fire 
over a whole continent or, as recently, over the entire world. The 
second reason why we hear more of the disease-producing organisms 
than we do of the beneficial bacteria is that man has learned that 
it is a fight between him and these microbes to determine which 
shall inherit the earth. He has learned that he must protect him¬ 
self against these enemies. For these reasons man has studied the 
bacterial outlaw, his place and condition of growth. 

On the other hand, though w'e admire the magnificent structures 
and complex institutions which have been reared by the mind and 
hand of men, we see and pass on. In many cases we do not stop to 
contemplate the countless millions, living and dead, who have 
contributed their mite that things might be as they are. Man does 
not have to protect himself against these honest toilers; hence, they 
go unnoticed. The work of the benefactor lacks the sensationalism 
which is attached to that of the destroyer. So it is with the count¬ 
less billions of beneficial bacteria; they toil on day and night, 
generation after generation, accomplishing good for the human race. 
We do not miss them, for they have always helped us. They never 
become discouraged, but work for our good until conditions become 
intolerable, when they die to be in many cases replaced by the 
bacterial outlaw. 

If the following pages help to systematize, to arouse interest, to 
stimulate curiosity or inquiry in even a small degree in this intensely 
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interesting and practical subject, the author will feel that his labors 
have not been in vain. 

It is coming to be recognized that agricultural bacteriology and 
agricultural chemistry are at many points intimately associated. 
Hence, the writer has presupposed a knowledge of elementary 
chemistry on the part of the student. However, most of the more 
complex equations have been grouped in one chapter so they may 
be used or omitted as the teacher sees fit. 

It has been more a question of what to exclude than what to 
include. However, the writer has been guided throughout by the 
needs of the student of agriculture, and hence where good, complete 
volumes are available, as is the case with milk, water, sewage, and 
some other subjects, a bare outline is given; so the student should 
consult other works for a more exhaustive treatment. But in the 
case of soils an effort has been made to go more into detail. Even 
in these chapters, however, no attempt has been made to review all 
of the literature. 

In the preparation of this work I have drawn freely from all 
available sources. Much of the material was first written with a 
complete reference to the literature, but it soon became apparent 
that such a procedure would produce a work too large for the purpose 
for which this was written. Hence, all references have been elimi¬ 
nated. There are, however, listed at the end of most chapters a few 
select works given in most cases because of the references which 
they contain, and it is to these that the student is referred for 
further details. At the end of the last chapter is given a list of 
additional works which have been consulted in the preparation of 
this book. 

To my friends and colleagues my hearty thanks are offered for 
the valuable encouragement and assistance given in the preparation 
of this book. I am under particular obligation to President E. G. 
Peterson, Dr. P. S. Harris, Dr. B. L. Richards, Professors George 
Stewart, C. T. Hirst, and E. G. Carter for reading parts or all 
of the manuscript and offering many helpful suggestions, also to 
Mrs. Blanche C. Pittman for her painstaking care in the preparation 
of the manuscript for the press. 

J. E. G. 

liOGAN, Utah, 1922. 
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AGEICUITUEAI BACTEEIOIOGY. 


CHAPTER L 

DEVELOPMENT OF BACTERIOLOGY. 

Nowhere in the whole realm of human endeavor has research 
been crowned with more glorious achievements, at least in so far 
as the welfare of the human race is concerned, than in the field of 
bacteriology, and this in face of the fact that bacteriological research 
had a most humble and recent origin. Even the dawn of bacteri¬ 
ology dates back only to the last quarter of the seventeenth century 
to the time when a Dutch linen-draper, Anton van Leeuwenhoek, 
spent his leisure time in grinding lenses. He became so proficient 
in this that his lenses were superior to any made before. Turning 
them on various substances—raindrops, saliva, and many putrifying 
things—he found in all these living, moving forms, which prior to 
this time had been unrecognized. We can imagine his joy and 
surprise from this statement: saw with wonder that my 

material contained many tiny animals which moved about in a 
most amusing fashion. The largest of these A (Fig. 1) showed 
the liveliest and most active motion, moving through the water 
or saliva as a fish of prey darts through the sea; they were found 
everywhere*", although not in large numbers. A second kind was 
similar to that marked B (Fig. 1) which sometimes spun around 
in a circle like a top. These were present in larger numbers and 
sometimes described a path like that shown in C to D (Fig. 1). A 
third kind could not be distinguished so clearly; now they appeared 
oblong, now quite round. They were so very small that they did not 
seem larger than the bodies marked Ej and besides they moved so 
rapidly that they were continually running into one another. They 
looked like a swarm of gnats or flies dancing about together. I had 
the impression that I was looking at several thousand in a given 
part of the water or saliva mixed with a particle from the teeth no 
larger than a grain of sand, even when only one part of the material 
was added to nine parts of water or saliva. Further, the greater 
part of the material consisted of an extraordinary number of rods, 
of widely different lengths, but of the snme diameter; some were 
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curved, some straight, as is shown in F; they lay irregularly and 
were interlaced. Since I had previously seen living animalcules of 
this same kind in water, I endeavored to observe whether there was 
life in them, but in none did I see the smallest movement that might 
be taken as a sign of life.” 

This patient worker, supplied with his crude microscope, gives a 
fairly accurate description of these minute forms of life. But this 
did not awaken the world to even a faint realization of the wonderful 
invisible forms of life which were present in everything and were 
always working for good or evil. It did, however, revive a discussion 
which had waxed long and furious as to whether life can spring 
spontaneously from inanimate matter or'whether it is the descendant 
of preexisting living organisms. 



Fia. 1.—The first drawings of bacteria by Leeuwenhoek. The dotted line C~D 
indicates movenaent of the organism. (MorreS^.) 

Spontaneous Generation.—Back in the sixteenth century a famous 
physicist and chemist, van Helmont, stated* that mice can be 
spontaneously generated by merely placing some dirty rags in a 
receptible together with a few grains of wheat or a piece of cheese. 
The same philosopher's method of engendering scorpions is also 
amusing. 

Scoop out a hole in a brick, put into it some sweet basil. Lay 
a second brick upon the first, so that the hole may be imperfectly 
covered. Expose the two bricks to the sim, and at the end of a few 
days the sinell of the sweet basil, acting as a ferment, will change 
the herb into a real scorpion.” 

An Italian, Bouonami, tells of a wonderful metamorphosis which 
he had witnessed. Rotten timber, rescued from the sea, produced 
worms; these gave rise to butteflies; and strangest of all, the butter¬ 
flies became birds. 

Everyone thought it a self-evident fact that maggots sprang 
spontaneously from decomposingj^meat or cheese, until an Italian 
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poet and physician, Redi, took the simple precaution of screening 
the mouth of jars containing meat so that flies could not enter. 

Flies were attracted by the odor and deposited their eggs on the 
gauze, and it was from these that the so-called "'worms'" arose. 

The theory of the spontaneous generation of mice, scorpions, and 
maggots had been proved untenable. But how about these micro¬ 
scopic organisms? They surely could develop directly from organic 
material. For now anyone provided with this new instrument, the 
microscope, could easily demonstrate for himself the spontaneous 
generation of microscopic eels in vinegar, or produce myriads of 
different and interesting living creatures in simple infusion of hay 
or other organic material. 

Needham, a Catholic priest, evolved the theory that a force called 
""productive" or "'vegetative" existed which was responsible for 
the formation of organized beings. The great naturalist, Buffon, 
elaborated the theory that there were certain unchangeable parts 
common to all living creatures. After death these ultimate con¬ 
stituents were supposed to be set free and become active, imtil, with 
one another and still other particles, they gave rise to swarms of 
microscopic creatures. 

Needham in 1745 took decaying organic matter and enclosed it in 
a vessel; this he placed upon hot ashes to destroy any existing 
animalculse. On examining the contents of the flasks he found micro¬ 
organisms which he had not noted at first. Later (1769), Spallanzani 
repeated the work. He felt that Needham had not exercised suffi¬ 
cient care and that the organisms had gotten in from the outside. ' % 
Accordingly he boiled the material for one hour and kept it in 
hermetic^ly sealed flasks. He wrote: "I used hermetically sealed 
vessels. I kept/them for one hour in boiling water, and after opening 
and examining their contents after a reasonable interval, I found not 
the slightest trace of animalculse, though I had examined the infusion 
from nineteen different vessels." ' 

But the believers in the theory of abiogenesis were not convinced, 
for they claimed that the boiling altered the character of the infusion 
so that it was unable to produce life. Voltaire, with his characteristic 
satire, took up the fight at this point and ridiculed the operations 
of the English clergy '"who had engendered/the eels in the gravy of 
boiled mutton," and he wittily remarks: ""It is strange that men 
shoifld deny a creator and yet attribute to themselves the power of 
creating eels." But this was a controversy to be settled not by 
ridicule but by experimental evidence. 

Spallanz^ answered this by cracking one of the flasks so that 
air could enter. Decay soon set in. Even this was not sufficient to 
overthrow ^ popular belief, for the claim was made that the sealing 
of the flaskfe excluded the air, and air was essential to the generation 
jof these forms of life. This objection was answered by the work of 
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many ingenious investigators. Schulze, in 1836, passed air through 
strong acids and then into boiled infusions and failed to find ariy 
living organisms in the infusion, whereas Schwann passed the air 
through highly heated tubes with the same results. This was criti¬ 
cized by their opponents who claimed that the chemical alteration 



Fig. 2. —Experiment of Schulze; Forcing air through sulphuric acid. (Lafar.) 


of the air subjected to such drastic treatment had been responsible 
for the absence of bacteria in the infusion. The work of Schroeder 
and Dusch (1853) was more convincing, for they found that it was 
sufficient to stopper the bottles with cotton plugs; the air passed 
in but the microorganisms were held back by the cotton and the 



Fig. 3.—Experiment of Schwann: Heating air to make it sterile. (Lafar.) 

contents of the flasks kept in good condition. Every now and then 
the contents of a flask would spoil, even after it had been carefully 
stoppered and boiled. This remained a stumbling block in the way 
of those who maintained that life sprang only from life, until in the 
year 1865 when Pasteur demonstrated that many bacteria may pass 
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into a resting stage, and while in this condition will withstand con¬ 
ditions which quickly kill them in the vegetative stage. Eleven 
years later Cohn of Breslau carefully investigated organisms in this 
resting or spore stage, and today forms of microorganisms are known 
which mil withstand boiling water for sixteen hours vithout being 
killed, and otliers resistant enough even to endure for many hours a 
10 per cent, solution of carbolic acid. 

Fermentation.— Since the dawn of history man has been interested 
in that wonderful process known as fermentation, and although 
many an ingenious theory has been formulated to explain it, little 
more than theory existed until the classic work of Pasteur on fer¬ 
mentation appeared about 1837. Pasteur claimed that all forms of 
fermentation were due to the action of microscopic organized cells. 
An idea such as this, even at this late date, did not go unchallenged, 
for we find no less illustrious workers than Helmholtz and Liebig 
opposing it. Liebig scoffed at such an idea, writing: Those who 
pretend to explain the putrefaction of animal substance by the 
presence of microorganisms reason very much like a child who 
would explain the rapidity of the Rhine by attributing it to the 
violent motions imparted to it in the direction of Burgen by the 
numerous wheels of the mills of Venice.” 

liowever, Pasteur’s carefully planned experiments soon demon¬ 
strated that without the microorganisms there would be no fermen¬ 
tation, no putrefaction, no decay of any* tissue, except by the slow 
process of oxidation. The care with which his experiments were 
planned and executed are well shown in the experiments with grape 
sugar, concerning which he wrote: 'H prepared forty flasks of a 
capacity of from two hundred and fifty to three hundred cubic 
centimeters and filled them half'full with filtered grape-must, per¬ 
fectly clear, and which, as is the case of all acidulated liquids that 
have been boiled for a few seconds, remains uncontaminated, 
although the curved neck of the flask containing them remains 
constantly open during several months or years. 

'Hn a small quantity of water, I washed a part of a launch of 
grapes, the grapes and the stalks together, and the stalks separately. 
This washing was easily done by means of a small barber’s hair¬ 
brush. The washing-water collected the dust upon the surface of the 
grapes and the stalks and it was easily shown under the microscope 
that this water held in suspension a multitude of minute organisms 
closely resembling either fungoid spores or those of alcoholic yeast, 
or those of My coders a xini, etc. This being done, ten of the forty 
flasks were preserved for reference; in ten of the remainder, through 
the straight tube attached to each, some drops of the washing-water 
were introduced; in a third series of ten flasks a few drops of the 
^ same liquid were placed after it had been boiled; and, finally in the 
* ten remaining flasks were placed some drops of grape-juice taken 
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from the inside of perfect fruit. In order to carry out this experi- 

ment the straight tube of each flask was drawn out into a fine and 
firm point in the lamp, and then curved. This fine and closed point 
was filed round near the end and inserted into the grape wliile 
resting upon some hard substance. When the point was felt -to 
touch the support of the grape it was by a slight pressure broken off 
at the file mark. Then if care had been taken to create a ^slight 
vacuum in the flask, a drop of the juice of the grape got into it; the 
filed point was withdrawn and the aperture immediately closed in 
the alcohol lamp. This decreased pressure of the atmosphere in tlie 
flask was obtained by the following means: After warming the 
sides of the flask, either in the hands or in the lamp flame, thus 
causing a small quantity of air to be driven out of the end of the 
curved neck, this end was closed in the lamp. After the flask was 
cooled, there was a tendency to suck in the drop of grape-juice in 
the manner just described. 

^'The drop of grape-juice which enters into the flask by this 
suction ordinarily remains in the curved part of the tube, so that to 
mix it with the must it was necessary to incline the flask so as to 
bring the must into contact with the juice and then replace the flask 
in its normal position. The four series of comparative experiments 
produced the following results: 

''The first ten flasks containing the grape-must boiled in pure air 
did not show the production of any organisms. The grape-must 
could possibly remain in them for an indefinite number of years. 
Those in the second series, containing the water in which the grapes 
had been washed separately and together, showed without exception 
an alcoholic fermentation which in several cases began to appear 
at the end of forty-eight hours when the experiment took place at 
ordinary summer temperature. At the same time that the yeast 
appeared, in the form of white traces, which little by little united 
themselves in the form of a deposit on the sides of all the flasks, 
there were seen to form little flakes of Mycelium, often as a single 
fungoid growth or in combination, these fungoid growths being 
quite independent of the must or of any alcoholic yeast. Often, also, 
the Mycoderma vini appeared after some days upon the surface of 
the liquid. The vibria and the lactic ferments, properly so-called, 
did not appear on account of the nature of the liquid. 

"The third series of flasks, the washing-water of which had been 
previously boiled, remained unchanged, as in the first series. Those 
of the fourth series, in which was the juice of the interior of the 
grapes, remained equally free from change, although I was not 
always able, on account of the delicacy of the experiment to eliminate 
every chance of error. These experiments cannot leave the least 
doubt in the mind as to the following facts: 

" Grape-must, after heating, never ferments on contact with air," 
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when the air has been deprived of the germs which it ordinarily 
liolds in a state of suspension. 

“The boiled grape-must ferments when there is introduced into 
it a very small quantity of water in which the surface of the grapes 
of their stalks liave been waslied. 

“The grape-must does not ferment when there is added to it a 
small quantity of the juice of the inside of the grape. 

“The yeast, therefore, which causes the fermentation of the grapes 
in the vintage-tub comes from the outside and not from the inside 



Fin. 4.~TyiuIairs lx)x. Quo side is removed to show the construction. The 
hent tubes at the top arc to permit a free circulation of air into the interior. The 
window at the back has one correspondiiiK in the front (removed). Throui?h these 
the beam of li|j;ht sent throup;h from the lamp at the side was observed. The three 
tubes received the infusion and were then boiled in an oil bath. The pipette was 
for filling the tubes. (Popular Science Monthly, April, 1877.) 

of the grapes. Thus it destroyed tlic hypothesis of MM. Trecol and 
Fremy, who surmised that the albuminous matter transformed 
itself into yeast on account of the vital germs which were natural 
to it. Witli greater reason, therefore, there is no longer any ques¬ 
tion of tlie tlicory of Liebig of the transformation of albuminoid 
matter into fennents on account of the oxidation.” 

Pasteur’s work did not stop lierc, for he soon proved that a disease 
that was attacking the silkworm was caused by bacteria. And froiri 
this there develoi)ed the idea that disease in general is due to bacteria. 
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If there were any doubts left in the minds of the s(*iciitific world 
as to the fallacy of the theory of spontaneous ^xmoration, after the 
work of Pasteur, they were dispelled by the work of Tyndall. 
Tyndall proved that in an atmosphere devoid of dust, as on the 
tops of mountains and in some ingeniously constructed boxes used 
by Mm, perishable substances, such as beef tea, if sterile when placed 
in such an atmosphere, will keep for an indefinite period. 

Smallpox.—Smallpox was formerly looked upon as practically 
unavoidable by all members of the human family, as is seen from a 
popular saying current in Germany in the eighteenth century: 
''von Pocken und Liebe hleiben nur wenige frei,’' from smallpox and 
love few remain free. 

Concerning smallpox Macaulay wrote in referring to the death of 
Queen Mary from the disease in 1694: "The havoc of the plague 
had been far more rapid; but plague had visited our shores only 
once or twice within living memory, and the smallpox was always 
present, filling the churchyards with corpses, tormenting with 
constant fears all whom it had not yet stricken, leaving in those 
whose lives it spared the hideous traces of its power, turning the 
babe into a cbangeling at which the mother shuddered, and making 
the eyes and cheeks of the betrothed maiden objects of horror to the 
lover.’’ 

For the diflereiit condition which exists today in civilized countries 
w^here the fear of smallpox is nearly as remote as that of leprosy, 
Edw’-ard Jenner (1749-1823) is chiefly to be thanked. His attention 
was at first directed to the subject by the remark of a young girl: 
“I cannot take smallpox for I have had cowpox.” After consider¬ 
able labor and opposition he developed and gave to the world, 
without monetary consideration, his vaccine which has all but 
banished from the world the dreaded disease—smallpox. 

Anthrax.—As early as 1863 investigators had seen in the blood 
of some animals that had died of a disease known as anthrax, a very 
small rod-like organism which permeated all the capillaries. Their 
pperiments showed that the blood from such an animal, when 
injected into the veins of a second animal, caused it to die of the 
same disease. But they found that there were times when the organ¬ 
ism could not be discovered in the blood of the dead animal, although 
injection with blood from this animal would cause the death of 
another. This fact left a doubt in the minds of thinking men as to 
whether this rod-shaped organism was the cause of the animaPs 
death or whether it was "some invisible element in the blood.’’' 
Not until thirteen years later xvas this fully settled by the work of 
Robert Koch. He not only saw the rod-shaped organism, but 
obtained it free from all other substances, and proved that it was the 
specific cause of the disease. This was followed by many other dis¬ 
coveries, until today it is known that practically all diseases are due*' 
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to microscopic organisms. Yes, even many of the changes taking 
place in the body and associated with old age are attributed by some 
writers to the products generated by bacteria. 

The workers in this field are not satisfied with knowing the cause 
of a disease, but they wish to know how they may ward off disease 
and how to cure it when once it gains access to the body of an animal. 
Pasteur soon announced that he had found a preventive for anthrax. 
His statement was immediately challenged by the president of an 
agricultural society in such a way that it was brought to the atten¬ 
tion of the entire civilized world. He suggested that the subject be 
submitted to a decisive public test and offered to furnish fifty sheep, 
half of which should be protected by the attenuated virus prepared 
by Pasteur. Later they^ were all to be infected by the disease- 
producing organisms and if the vaccine were a success the protected 
ones were to remain healthy', the unprotected ones to die of the dis¬ 
ease. Pasteur accepted the challenge and suggested that for two 
of the sheep there should be substituted two goats, and that there 
be added to the herd ten cows, but he stated that these latter animals 
should not be considered as falling rigidly' within the test, for his 
experiments had not y'et been extended to cattle. Before this time 
the fame of Pasteur had been considered firmly established, but now 
all the world looked on with doubt to think that any man should 
make such a preposterous claim. On May 5 the animals to be pro¬ 
tected received their first treatment with the vaccine and a second 
two weeks later. Virulent cultures of the disease-producing organ¬ 
ism were then inoculated into the animals. The results of the test 
were indeed dramatic. 

'^Two day's later, June 2, at the appointed hour of rendezvous, a 
vast crowd, composed of veteririary’’ surgeons, newspaper corre¬ 
spondents, and farmers from far and near, gathered to witness the 
closing scenes of this scientific tourney'. What they' saw was one of 
the most dramatic scenes in the history' of peaceful science, a scene 
which Pasteur declared afterward, 'amazed the assembly.’ Scattered 
about the enclosure, dead, dying, or manifestly^ sick unto death, lay 
the unprotected animals, one and all, -while each and every protected 
animal stalked unconcernedly about with every appearance of per¬ 
fect health. Twenty of the sheep and the one goat were already 
dead; two other sheep expired under the eyes of the spectators; the 
remaining victims lingered but a few hours longer. Thus, in a 
manner theatrical enough, not to say tragic, was proclaimed the 
unequivocal victory of science.” 

It has been estimated by conservative writers that Pasteur’s dis¬ 
covery of the means of preventing or curing anthrax, silkworms’ 
disease, and chicken cholera, adds annually to the wealth of France 
a sum equivalent to the entire indemnity paid by France to Germany 
" after the War of 1870. 
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other Work of Pasteur.—This was only a part of tlie work of this 
great man, for in 1SS5 he announced a cure for hydrophobia. Prior 
to this time the disease developed in at least 10 per cent, of the 
individuals bitten by mad dogs, and of this 16 per cent., 100 per cent, 
died. Since Pasteur’s discovery the number of deaths from this 
cause has been reduced almost to zero. The profound importance 
of his work has been well summarized by Lord Lister: ‘'Truly there 
does not exist in the entire world any individual to whom the medical 
science owes more than they do to you. Your researches on fermen¬ 
tation have thrown a powerful beam which lightened the baleful 
darkness of surgery and has transformed the treatment of wounds 
from a matter of uncertain and too often disastrous empiricisms 
into a scientific art of sure beneficence. Thanks to you, surgery has 
undergone a complete revolution which has deprived it of its terrors 
and has extended almost without limit its efficacious powers.” 

And Tyndall writes: ‘'We have been scourged by miserable 
throngs, attacked from impenetrable ambuscades, and it is only 
today that the light of science is being let in upon the murderous 
dominion of foes.” 

Other Plagues Conquered.— In the realm of medicine one discovery 
after another has followed in ra])id succession during the last few 
years, until today diphtheria instead of having a death-rate of over 
30 per cent, has one of less than 3. Typhoid fever is all but con¬ 
quered. Asiatic cholera and the yellow fever have been nearly 
wiped from the face of the earth, thus making possible the building 
of the Panama Canal. 

Lister.— Thanks to the wonderful work of Lord Lister we no longer 
have that terrible suppuration, which before his time followed even 
slight wounds. At the close of the nineteenth century it was asserted 
that “Listerism” had saved more lives than had been sacrificed by 
all the wars of the nineteenth century. Although continually 
brought in contact with suffering and misery, this truly great man 
did not lose his tender-hearted nature and love of children, as is 
shown by the following story related by one of Lister’s students. 

"One day when Lister was visiting his wards in the Glasgow 
Eoyal Infirmary, there was a little girl whose elbow-joint had been 
excised, and this had to be dressed daily. Lister undertook this 
dressing himself. The little creature bore the pain without com¬ 
plaint, and when finished she suddenly produced from under the 
clothes a dilapidated doll, one leg of which had burst, allowing the 
sawdust to escape. She handed the doll to Lister, who gravely 
examined it; then asking for a needle and thread, he sat down and 
stitched the rent, and then returned the doll to its gratified owner.” 

Yellow Fever.— The investigators in some of these fields have gone 
into it not only with a knowledge of the fact that failure may be 
their lot, but they even risked their lives in the work, as is shown ^ 
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in the fight against yellow lever. Dr. Lazcar, an American army 
surgeon, allowed himself to l)e bitten by a mosciuito iii an infected 
ward. He soon aeciuirc'd ycHow fevca- in the most terrible form and 
died a martyr to science^ and a triui hero. He gave up his life for 
others; the ])lain r(‘(!ord of his sacrifice is recorded thus upon a 
tal)Iet erected to his nuanory: “With more than the courage and 
devotion of the soldier, he risked and lost his life to show how a 
fearful pestilence is comnmni(aite(I and how its ravages may be 
prevented.” That this is (‘oma^yed only by the bite of the mosquito 
was shown hy th(‘ following: Thrc^e brave men slept for twenty 
nights in a small, ill-ventilated room screened from mosquitoes but 
containing furniture and (dotbing smeared with the excretion of 
y(‘llow fever ])aticnt,s- some of whom had died of the disease. None 
of t!u‘ men contracted yedlow IV.V(‘i% tlnis indicating the disease was 
not of a contagious natun^. 

Agricultural Bacteriology.- In Ihirrill, by the discovery of 

the organism which ('aus(\s hrc!- or p(*a,r-b]ight, opened up a similar 
interesting and practical liedd in tlu^ plant kingdom wliich even at 
the pr(‘s(uit day is (»nly in itsinfa.ncy. 

It may app(*ar from tln^ pn‘C(‘ding that bacteria are all enemies 
of man, but this is not tnH% for th(T(‘ are Tiiany more beneficial 
bacteria than injurious oih‘s. 

Kvcui in tlieliidd of agricultural bacteriology rapid advances have 
b(*(ii and arc iKniig mad<‘- "Fo Ihdjcadmd';, Ilcilriegcb Wilfarth, Lip- 
man, an<l a liost of others, wc owe* our knowledge concerning the 
morplndogy and phydology of t lu* nitrogen-fixing organisms. In 18S8 
Wi^ingradsky i:vdat<*d tin^ iiitrifyiiig organisms wliich grow on a 
medium <lev(dd of all orgaiFic inattcu’ and since that time there is an 
cvcr-incrcasing \nhiin<‘ of work on lliis ])!ia,s<i of the subject. Han- 
s(*iFs iiivc\stigation in industrial haamaitatiou is also imimrtant. 

Future Work. One may think from the preceding that in this 
fi(dd of scicnc'c there is litth* to b<^ don(‘, hut this is not tlie case, for 
then* an* disease*.-* still urH*onc|Uc*n‘(l. Ida* great White Llague^^ 
still claims its millions card) yc*ar. 'riH‘ni arc diseases which are 
sapping tlic very lihOdcaa! of tl:e nation, yet they go unchecked. 
Science* as yet has not oomc to the ahl of the nrifortimatc victims. 

As regards the beneficial organism wc have only just started to 
realize tlicir gn*at pcjssibilitics. In the soil an*, five great classes of 
organisms which deal with the transforniation of nitrogen. One 
(dass (iirricH (m putrefaetion, clianging the insoluble pi'oteins into 
ainimmia, anotlH*r picks the ammonia nj) as forme<b transforming 
it into rntrites, and this must be changed into nitrates before 
plants <‘aii use it. ruder what coiiditio!i a,re these elianges carried 
on at a iiiaxiintiiii ndey What inflnenc*e has moisture, temperature 
crop, and method c! tillage on this <*haiig(F/ Some of these questions 
are being answered fy the work mjw being conducted, but there are 
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many yet unanswered. Still they are vital questions, for, in many 
cases, the crop yields will be determined hy the skill with which 
these various changes are controlled. There is another set of organ¬ 
isms in the soil, the function of which is to take the practically 
valueless nitrogen of the atmosphere and change it into forms such 
as the higher plants can feed upon. How may we control them for 
maximum yields? For if treated properly they will never tire, but 
toil on forever. Then again it is possible that bacterial action may 
be used as a measure of soil fertility and methods so perfected which 
are more sensitive than any now in use. Truly, in this field great 
things have been accomplished, but there remains yet to conquer 
fields richer by far than the workers of the past have ever dreamed. 
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CHAPTER 11. 


BACTERIA AND THEIR PLACE IN NATURE. 

Bacteriology in the strictest sense is that branch of science 
which deals with the distribution, morphology, classification, and 
function of bacteria. However, it is often used more general to 
include bacteria, yeasts, molds, and protozoa. A better term where 
all four groups are included is microbiology.'' Many of the modern 
writers use this term. 

Definition of Bacteria.-— Bacteria are extremely minute, simple, 
unicellular organisms which multiply with great rapidity, usually 
by transverse fission, and are devoid of chlorophyl. Although they 
contain nuclear material which is usually diffused throughout the 
cell body in the form of larger or smaller granules, they possess no 
definite organized nucleus. They are generally accepted as belong¬ 
ing to the vegetable kingdom. This is not without some opposition, 
due to the inherent difficulty of the subject, as is so admirably 
pointed out by Fischer: '' The terms"animal' and 'plant' are collec¬ 
tive terms invented by laymen to describe familiar living things, 
insects and elephants, mosses and oak trees, and they date from a 
ttoe when such minute beings as bacteria were quite unknown. It is 
therefore as superfluous as it is futile to attempt, as many have done, 
to detect the distinguishing characters of the 'animal' and the 
'vegetable' kingdoms among organisms for which these terms were 
never intended. For this reason, Haeckel and others have proposed 
to establish a third dominion, that of the Protista, which shall 
include all those forms in which differentiation has not been pro¬ 
nounced on the lines of either animal or plant development. The 
new group would take up Radiolarians, Flagellata, and Infusoria 
from the animal side, and the Cyanophycea? as well as some low 
forms of Algae and Fungi from the plants. The border-line between 
protista on the one hand and plants and animals on the other is-— 
it must be confessed—artificial. To these protista, which embrace 
approximately all those forms of life we commonly call micro¬ 
organisms or microbes, the bacteria belong." 

It is generally stated that the plant cell differs from the animal 
cell by the possession of a firm and well differentiated wall, wholly 
distinct from the containing protoplasm, whereas the boundary 
surface of the animal cell is more often an outer layer of the proto¬ 
plasm and not separable from it. IMoreover, the typical cell wall 
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of plants is usually made up of cellulose or one of its derivatives; the 
outer membrane of the animal cell is nitrogenous and where there 
is a heavy cell wall it is chitinous. Both of these distinctions break 
down in the case of the lower forms of plant and animal life. 

The '‘blue-green” algse, or Schizophycese, possess chlorophyll and 
are obviously plants. Structurally, many of these are practically 
identical with bacteria. This constitutes a strong argument for the 
plant affinities of the bacteria. 

Nor is it an easy task to differentiate nicely between bacteria, 
yeasts, and molds. Generally speaking, typical bacteria, yeasts, and 
molds may be distinguished from each other as follows: Bacteria 
are unicellular, devoid of a definite organized nucleus but con- 



Fig. 5.—To illustraUi the close relationship of the bacteria to the bliic-srcen algic. 
The figures to the left (A) are blue-green algai, those to the right (B) bacteria. Those 
forms most closely resembling each other arc lettered alike. A, blu(j-greon algae: 
a, Aphanocapsa; 6, Merismopedia; c, Gleothcca; d, Spimlina; c, Phormidium; /, 
Nostoc. (All adapted from West.) B, bacteria: a, Micrococcus; b, Sarcina; c, 
Bacillus; d, Spirillum; c, Bacillus in chains;/, Streptococcus. (Buchanan’s Household 
Bacteriology.) 


taining nuclear material. They multiply by transverse fission. At 
times they are united into filaments or masses, but are usually 
easily separated. Yeast cells are usually, though not always, larger 
than bacteria. Although unicellular they contain a definite organ¬ 
ized nucleus. They may remain united after cell division, but each, 
cell .constitutes a definite entity. Most yeasts multiply by budding 
—only a few by simple fission. Molds are multicellular, nucleated 
organisms which are usually made up of a mass of interwoven or 
radiating threads consisting of chains of cells. 

Divisions of Plant Kingdom.— Plants are divided into four great 
groups: Spermatophytes or seed plants, Pteridophytes or fern plants, 
Bryophytes or liver-worts and mosses, and Thalhphytes or thallus 
plants. This last group h?^s little or no differentiation of vegetative 
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organs, such as stems and leaves. Two groups stand out conspicu¬ 
ously—known as algae and fungi, but there are other groups udiose 
relationship is not so clear. The main divisions of the T^czllo'phytes 
are (1) Myxomycetes, commonly known as slime molds, or slime 
fungi, which combine characters of plants and animals; and (2) 
Schizophytes or fission plants, characterized by celt divisions occur¬ 
ring in rapid succession which is their only method of reproduction. 
They consist of two groups: the Cyanophycese, or blue-green algae, 
and the Schizomycetes, or bacteria. 

The relationship is shown diagrammatically below; 


rhall ophy tes—simple, 
undifferentiated plants; 
do not develop roots, 
stems or leaves. 


Myxomycetes—slime molds, or slime fungi. 

f Cyanophycem-lolue-greeii 

Schizopliytes-—fission plants < algae. 


(Schizomycetes-bacteria. 

Algse, including seaweeds, pond scums, watex-^silks, etc.; 
contain chloropliyll. 

f Yeasts. 


Pungi without chlorophyll. 


Molds. 
Mildews. 
Smuts. 
Rusts, etc. 


Occurrence of Bacteria. —Bacteria are ubiquitous, occuiii'ring as 
they do nearly everywhere. They are found in. soil to grea.t depths, 
their number decreasing with the depth and nature of the soil, being 
more mimerons in soil containing organic naatter than in those 
practically devoid of it. Although they occur in the atnac 3 sphere, 
it is not their normal habitat, for growth and midtiplicatiaii cannot 
take place in it under ordinary conditions. The number and kind 
found in air vary with a number of factors, chief among which is 
locality. The air of some high mountains is practically devoid of 
bacteria; city and country air also differ from each other in the 
number and kind of bacteria they contain. Other coiui:rolling 
factors are moisture, presence or absence of injurious substatixce, and 
minute particles in the atmosphere. 

Most natural waters contain great numbers of bacteria. In 
sewage and polluted water they are especially iininerous, but: occur 
only in small numbers or not at all in deep wells and springs. The 
kind of organism, varies with the composition of the water ^xxd with 
the original contamination. Milk as secreted Ijy the milk glands 
of cows is practically free from bacteria, but the vessels in which it 
is handled so contaminate it that it rapidly gains in bacteria.. Often 
by the time it reaches the consumer it contains millions iix every 
cubic centimeter. In short, all food cxcei)t that recently cooked 
contains bacteria, the number and kind of which vary with the 
nature and age of the food. 

Living as we do in a world which is teeming with bacteria.,, we can 
e:spect to find them on the surfaces of the skin and mucoms mem- 


:]2 BACTERIA AND THEIR PLACE IN NATURE 

brane. Normally, the infant enters the world free from bacteria, 
but they soon begin to settle on the skin; they penetrate the nose 
and mouth; the first respiratory movements and cries carry them 
into the respiratory passages; and between the tenth and scAcn- 

teenth hour they have reached the intestines. 

Ordinarily, the deeper respiratory passages contain but lew 
bacteria, but it has been proved that even the tubercle bacillus can 

penetrate with the inspired air to the bottom of the pulmonary 
alveoli. 

On account of its acidity, yeasts and molds flourish better in the 
stomach than do bacteria. However, at least thirty species or 
bacteria (occurring in the stomach) have been described, many oi 
which have attracted special attention on account of the belief that 
their presence may favor other more injurious species. 

The intestines, on account of their alkaline reaction and the partly 
digested condition of their contents, are a great reservoir of bacrtcrial 
actmty. Metchnikoff and others have given an immense amount 
of work to a consideration of their function within the body and tlic 
probable result in their absence. The only conclusion whicth is 
possible at present is that, living as we are in a world .filled with micro¬ 
organisms, life without them is impossible. All that can be done is 
to make conditions such that the injurious species are su])])ressed 
and the beneficial ones favored. Out of this has grown sour-milk 
therapy. 

The normal tissues of plants and the blood and tissues of animals 
are free from bacteria. They are rarely found on certain healthy 
mucous membranes, such as those of the kidney, bladder, and 
lungs. Occasionally they pass through the skin or the mucous 
membrane of the digestive tract after which they may be found for 
a short time in the blood. This is especially the case during tlie 
height of digestion and it probably accounts for the large number 
of leukocytes w^-hich swarm in the intestinal mucosa and which Inivc 
been thought to be in some way associated with the process of fat 
absorption. 

In certain diseased conditions the blood and many of the tissues 
of the human body are found to contain numerous bacteria. Soon 
after death even the saprophytes rapidly invade and decompose the 
body tissues. 

BAle of Bacteria in Nature.—Bacteria play a w'onderful role in the 
many transformations going on in this world. It is difficult to con¬ 
ceive of life without them and their help. For the beneficial ones 
we turn first to the soil, for from this—either directly or indirectly-- 
man largely draws his food, clothing, and other necessities of life. 
The soil is not, as many think, a dead, inert mass, but it is teeming 
with life! Both microscopic plants and animals inhabit it by the 
millions. These have been at work within it long before man began 
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to till the soil. In the formation of soil from the primitive rock, 
bacteria played no small part, the changes wrought by the elements 
first giving them a foothold. 

Changes in temperature tear loose huge rocks and break them 
into fragments. It is well known that most substances when heated 
expand and contract in such varying degrees that parts are put 
under a strain. This strain at times is sufficient to cause cracks of 
various sizes to occur in the rock, a result which may be illustrated 
by the sudden cooling of hot glass or the sudden heating of cool 
glass. Throughout the long, hot days of summer rock is heated to 
a comparatively high temperature, as the boy who has chased bare¬ 
foot over their surface in quest of grasshoppers or butterflies will 
testify. At night they cool. This is repeated day after day. This 
continued heating and cooling gradually causes small crevices to 
appear in even the most resistant. These become filled with water 
and dust; when the cold nights of autumn come the water freezes. 
In freezing, the water expands and the rocks are broken into pieces. 
So it continues day after day and year after year, until the rock 
becomes a fine pow^der. Even then, how’ever, the plant-food is still 
insoluble and cannot be taken up by the plant. Long before it has 
reached the form of powder, bacteria begin to grow upon the surface 
of the rock and in the crevices. In their growth they form acids 
wdiich act upon the insoluble plant-foods, rendering them soluble. 
Bacteria continue their work long after the rocks have been changed 
to soil, each day liberating a little more plant-food for the growth 
of plants during that day. During the year the bacteria are able in 
a fertile soil to liberate enough plant-food for the production of a 
good crop. When manure is applied, it not only supplies food for 
the growing crop, but it also supplies food for the microorganisms, 
and they in turn liberate more of the insoluble constituents of the 
fine rock particles of which the soil is mainly composed. There are 
millions of them in every ounce of soil, struggling, to be sure, for 
their very existence, but always rendering a little more mineral 
plant-food available. 

One of the essential elements for crop production, and the one 
which is usually in the soil in the smallest quantities, is nitrogen. 
This, unless it be applied to the soil in the form of the costly fer¬ 
tilizer, nitrates, must be prepared for the plant by bacteria. The 
farmer finds his crops are limited directly by the speed with which 
these organisms prepare the food for his growing crop. If they 
are active, other things being favorable, he will get a good crop; 
but if they do not play their part, though everything else may be 
ideal, yet there is no crop. 

Bacteriological examinations of cultivated soils have shown that 
usually those that are richest contain the greatest number of bac- 
.teria. The number in the soil is dependent upon the quantity and 
3 
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flmrarlcr of food tlu; hucteria find in the soil. If the soil is rich in 

]) cin , H M< u(‘s- haniyanl iiutimres and the like—many bacteria "will 
(iiiiid then* piillin^r tfiese substances to pieces, liberating gases 
ami arm s which nvt uj>on insoluble particles of the soil and render 
tlunn .soluhi(‘. C)ii(‘ edass of organisms changes the protein constitu- 
(*nts (if the soil into aniinonia. This type is called ‘'ammonifiers/' 
A person can oiten detect their activity frona the odor of ammonia 
eonung iroin nianure heaps. 

Most plants cannot, however, use nitrogen in the form of ammonia; 
it inusi he in t he lorni of nitrates. This transformation is brought 
about by two distinct ty^jx^s of organisms. One of them feeds upon 
tlie aininonia producer! and manufactures nitrous acid. Should the 
<‘hangi* c(‘asc‘ at. t.his ]>oint and nitrites accumulate in the soil in 
largc^ cfuantitii‘s, ])lants would not grow upon it, for this is a poison 
to plants. Ihit in soils ]>rop<a*]y cared for only minute quantities 
ol nitrites accujnulate. As vSoon as they are formed another type 
of organism feeds upon them and manufactures nitric acid for the 
growing plant. d1iis, when formed, reacts with other constituents 
ol tin* soil, suc'li as limestone. It is then ready to be taken up by the 
plant and luanufactunai into nourishing food, beautiful flowers, or 
fragrant perFuinc^s for the human family. 

VVf‘re it not for bactmia the world in time would be filled with 
ii(W(*rx’hanging organic matter. The plant residues, trees, and 
animal bcalics would remain stored up in the soil, and with it that 
clcamait carbon which, in the form of carbon dioxid, is required 
by all clilcu’opliyl plants. Bacteria, in getting the energy which they 
require in their liht activity, are continually liberating carbon so 
that it may stiirt again on its journey of construction. If carbon 
and nitnjgen could but speak, what tales of wonderment they would 
tc*ll! llie (‘bcmisl, the Ixicteriologist, and the farmer would each be 
wisiT, for many c^f tlie changes through which carbon and nitrogen 
pass, due eitluT to the acrion of the lower plants—bacteria—or that 
of ilu) liiglier plants arc so complex that even the scientist with his 
apparcuitly magical methods cannot follow them. 

S(^ far only the plant-food in the soil and the changes through 
wliich it passes have been considered. The farmer, however,^ is 
usualiy more (‘oncerned with that substance his soil lacks and which 
must he supf^litsl in order to get good crops. In many cases the 
lacking (kanemt, is nitrogen. One notes from the fertilizer quotations 
that tlu! elciiieiits will (X)st fifteen cents a pound or over if purchased 
in the form o! sodium nitrate, ammonium sulfate, or dried blood. 
If one* stops to make a simple calculation he finds that it would cost 
fifteen dollars for enough to produce 100 bushels of corn, eleven 
dollars for c*noiigh to produce 50 bushels of wheat, and seven dollars 
and fifty ecuits for enough to produce one ton of alfalfa hay. In 
these calculations it has been assumed that one could get back in 
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the form of corn, wheat, or alfalfa every pound of commercial nitro¬ 
gen that has been applied to the soil, which, on the face of it, is an 
utter impossibility. So we have to look to other means of getting 
nitrogen for our growing crop, and here again bacteria come to our 
rescue. 

There are seventy-five million pounds of atmospheric nitrogen 
resting upon every acre of land. None of the higher plants, however, 
have the power of taking this directly out of the air. One family 
of plants, the Leguminosse, in which are included peas, beans, alfalfa, 
clover, and many others, if properly infected by bacteria have the 
power of using this atmospheric nitrogen, hinder this condition 
and with these plants nitrogen no longer remains the limiting ele¬ 
ment of crop production. For these microscopic organisms which 
live within small nodules upon the alfalfa are master chemists- 
Within their tiny laboratory they can bring about changes which 
man can imitate but imperfectly with costly machinery and under 
the action of powerful electric currents. In some of the experiments 
carried on at the Illinois Experiment Station these minute organisms 
were found to be able to increase the value of the first cutting of 
alfalfa hay $27.80 an acre, if the nitrogen in the alfalfa be counted 
only at the same price as we would have to pay on the market for 
an equivalent quantity of nitrogen in the form of a commercial 
fertilizer! If these crops be plowed under the fertility of the soil 
would be increased to just that extent. One writer has said of them: 
''They not only work for nothing and board themselves, but they 
pay for the privilege.^’ This is strictly true, for all they require is a 
plant on which to grow and a well-aerated moist soil containing 
limestone. They cannot work in an acid soil. 

There is another class of nitrogen-gathering organisms within the 
soil which differs from the above in that they live free in the soil 
and gather nitrogen. Under ideal conditions they may gather 
appreciable quantities. 

It is quite possible that much of the benefit derived from the 
summer fallowing of land is due to the growth within the soil of this 
class of organism which stores up nitrogen for future generations 
of plants. It has been found that they are more active and found 
in greater numbers in such a soil. All the work that the farmer puts 
upon the soil to render it more porous reacts beneficially upon these 
organisms, because they not only love atmospheric nitrogen and 
oxygen, but must have them. • These elements are absolutely essen¬ 
tial to their life activities and they must be obtained from within 
the soil since the minute organisms cannot live upon the surface for 
the direct rays of the sun kills them in a short time. 

But these are only a few of the many that help the farmer. They 
are at work in his silo rendering the feed more palatable and nutri¬ 
tious for his cattle. They are working in his milk and cream, am] 
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if they be the right kind they give to butter and cheese a desirable 
flavor. They take part in the tanning of leather, the retting of flax, 
the curing of tobacco, and, in short, they help us in a hundred and 
one ways we little suspect. One of the most fascinating and instruc¬ 
tive tasks set for man is to learn how to increase the work of the 
beneficial bacteria and to suppress or entirely weed out the injurious 
bacteria. 

Divisions of Bacteriology. —Bacteriology, although one of the 
youngest of sciences, is no longer confined to one branch which can 
be adequately covered by one text or its whole field covered by any 
one individual, but is, as are the other sciences, divided into a 
number of divisions each dealing with a certain phase of the subject. 
The main divisions are: 

1. Agricultural bacteriology which deals with the bacteria of the 
soil and their relation to plant life. 

2. Dairy bacteriology which deals with the bacteria of milk and 
their relations to dairy products such as pure milk, butter, and 
cheese. 

3. Industrial bacteriology, which considers the use of bacteria in 
the arts and which also deals with methods of suppressing injurious 
bacteria and favoring the beneficial. 

4. Plant pathology which deals with the cause and prevention of 
those diseases that attack plants by invading their tissues. 

5. Animal pathology which deals with bacteria in relation to the 
diseases of the lower animals. 

6. Human pathology which deals with the distribution, mor¬ 
phology, physiology, and pathological changes produced by bacteria 
which are pathogenic to man. 



CHAPTER III. 

MORPHOLOGY OF BACTERIA. 

In shape, bacteria have the veiy simplest conceivable structure, 
and although there are thousands of different kinds differing in 
properties, they all have one of three general forms; rod-shaped, 
spherical, or spiral. 

Bacilli.—The rod-shaped organisms, which may be compared to 
a lead pencil, are cylindrical organisms in which a longer and shorter 
dimension may be recognized. They are the bacilli (sing, bacillus). 
Ihe ends of the organisms may be convex, less often flat or even 
concave. The size also varies, some being so short that it is next 
to impossible to tell whether they are rods or globular organisms; 
others are comparatively long. 
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Fig. 6.—The normal types of bacteria. 1-6, cocci; 7-13, bacilli; lA-16, spirilla- 
I, micrococcus; ^ and S, diplocoeci; 4- tetracoccus; 5, sarcina; 6, streptococcus (the 
lower chain includes an arthrospore); 7 and 8, bacilli; 9, 10, IS and IS bacilli with 
lemT^ (SdS’)^'^’ spirillum; 16, Spirocheta trepo- 


Cocci.—-ihe cocci (sing, coccus) are typically spherical and may 
be likened to a ball or at times to an egg. They may in the early 
^ages of cell division appear temporarily as bacilli with convex ends. 
They often occur in pairs, diplocoeci, in which case usually their 
proximate surfaces are flattened. This flattening of the organism 
may at times be accompanied by an elongation of the axis of the 
organisms parallel to the plane of opposition. This leads to the 
coffee-bean shape exemplified in the gonococcus and miningococcus. 
At otter times we have the flattening perpendicular to the plane of 
tte flattened surface as seen in the “lance-shaped” pneumococcus. 
The cocci may be large or small and group .themselves in various 
ways. 
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Spirilla.—The third group is the spirilla (sing, spirillum) and may 
be likened unto a corkscrew. The spiral may be loosely or tightly 
coiled or there may be one, two, or many colls. At times the curve 
may be so slight that the organism viewed under the microscope 
appears "'comma-shaped.’' 

More bacilli are known than cocci and more cocci than spirilla. 
Migula enumerates 833 bacilli, 343 cocci, and 96 spirilla, a total of 
1272. Other workers have tabulated more with a similar propor¬ 
tional distribution among the various groups. 

Gradations.—The difference between these fundamental types is 
at times very slight. In fact the cocci often merge into the bacilli 
and the bacilli into the spirilla. It is often difficult accurately to 
distinguish between the various groups, as is exemplified by the 
fact that at times B. 'prodigious has been described by one investi¬ 
gator as a coccus and at another time' by a different worker as a 
bacillus. This same condition holds for the pneumonia germ and the 
one causing pear blight, whereas the cholera organism has been 
described both as a bacillus and a spirillum. 

Pleiomorphism.—By pleiomorphism is meant a permanent or 
semipermanent change in the normal form of the organism. The 
organism may at one time represent a coccus, at another a bacillus, 
and at still another a spirillum. This led the early writers to believe 
that there was a mutability of species. The condition is especially 
likely to occur among some soil organism and much light has been 
thrown on the subject by Lohnis who finds the life history of bacteria 
to be only slightly less complex than that of other organisms. 





Pig. 7. —Involution forms from bacilli. (From Flugge.) 


Involution Forms.— Although the form of bacteria is quite constant 
under normal conditions, yet there is a tendency with many organ¬ 
isms, especially when grown for some time on artificial media, to 
show abnormal or bizarre forms. Such organisms are known as 
involution forms. Some of the rod-shaped organisms may appear 
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as clubs many times larger than the ordinary, or they may appear 
as crosses or stars. The formation of large club-shaped organisms 
is very characteristic of the organism which causes diphtheria, 
whereas the formation of crosses, stars, and the like is characteris¬ 
tic of the organism which grows in the roots of alfalfa. Some writers 
have considered them degenerate forms and compared them to the 
“lame and halt’’ in the human species. This, however, is hardly an 
apt illustration, for these peculiar shaped organisms have all of the 
powers possessed by others and if they found their way into the 
body of an animal, they would be just as likely to produce the dis¬ 
ease which is characteristic of the organism as would the ones with 
the normal shape. 

In some cases this characteristic has served as a valuable aid to 
the differential diagnosis of the organism. This is especially true 
with the plague bacillus which, when grown on nutrient agar con¬ 
taining from 2.5 to 3.5 per cent, of sodium chlorid, is prone to give 
rise to involution forms. 

Size and Weight.—The unit of measurement in microscopy is the 
micron (fi), or micromillimeter. This is 0.001 of a millimeter or 
approximately of an inch. The majority of the organisms 

vary from 0.2/z up to 30/x or AOijl. They are smallest in the case of 
the cocci and largest in the case of the spirilla. 

Although there is a great variation in the size of bacteria, all are 
extremely small; even the largest are not visible to the naked eye. 
The smallest are beyond the range of our most powerful micro¬ 
scopes, and others appear as mere dots. The Pfeiffer bacillus, the 
one which was thought to cause influenza, are rod-shaped organisms, 
and if they be placed end to end it would take fifty thousand of 
them to reach one inch, or it would require about fifteen thousand of 
the bacteria which cause typhoid to form a line one inch in length. 
Of the very largest Imown it would require seven thousand to reach 
an inch. We often magnify bacteria one thousand times and then 
they appear as dots under the microscope, but if we would magnify 
a man to that extent he would appear to be six thousand feet tall 
and fifteen hundred feet wide. Bacteria are so small that at times 
we find five millions in a small drop of milk and yet they have 
plenty of room to move about, for it would require one hundred and 
twenty-five billion to weigh the same as a drop of milk. 

A person may wonder, since bacteria are so small, how they can 
bring about such enormous changes, for it takes but a short time 
for them to tear to pieces the body of a large animal that has died. 
All know how fast various plants and fruits decay under appro¬ 
priate conditions. Decay is due to bacteria. One organism could 
of itself bring about only a small change, but they multiply with 
almost inconceivable rapidity. The bacilli grow until they have 
reached a certain length, then divide into two, and these in turn 
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grow to maturity and then divide. Some of them may remain 
linked together, and hence appear as long chains. 

In the case of the cocci, they may divide into two and remain 
linked together as diplococci or a great many may remain connected 
together, thus giving the appearance of a string of beads; Strepto¬ 
coccus. This is the characteristic of the common blood-poison 
organism. Other spherical shaped organisms divide alternately in 
two planes and when they remain connected together and great 
masses are formed they resemble a bunch of grapes; Staphylococcus. 
This is a characteristic of the common boil-causing organism. Still 
others of the spherical organisms divide alternately in three planes 
and when they remain connected appear very similar to a bale of 
cotton; Sarchia. This is a characteristic of many of the organisms 
found in air. 

It has been estimated that if bacterial multiplication went on 
unchecked, the descendants of one cell would in two days number 
281,500,000,000, and that in three days the descendants of this 
single cell would weigh 148,356,000 pounds. It has been further 
estimated by an eminent biologist that if proper conditions could 
be maintained for their life activity, in less than five days they 
would make a mass w^hich would completely fill as much space as 
is occupied by all of the oceans on the earth’s surface, if the water 
has an average depth of one milel 

Even in the face of these assumptions one need not fear, for bac¬ 
teria have been on this earth, and have been multiplying probably 
long before the advent of man, and as yet the earth has not been 
filled by them. This is due to there being a struggle among them, 
just as there is among higher plants and animals. One knows that 
if wheat be sown too thick, none of it will mature. Sometimes it is 
a lack of food, other times a lack of sunshine, at still other times it 
is a lack of moisture which prevents the growTh. So it is with 
bacteria, the food or water may give out, but more often it is the 
products which they form that prevent them from continuing to 
multiply. 

Brownian Movements.—If one examines under a microscope a 
suspension or colloidal solution containing particles about 1/i in 
diameter, they are seen to be in motion oscillating through a dis¬ 
tance about equal to their own diameter. With smaller particles 
the oscillation is much greater proportionately. When the diameter 
is about 4/x the motions are hardly perceptible. The mean velocity 
for a particle of platinum weighing 2.5 x 10"^^ gm. has been estimated 
to be 3 X 10 cm. per second at ordinary temperature. These 
smaller particles often travel in straight lines and suddenly change 
their direction. Zsigmondy, describing the movement of the gold 
particles in a gold hydrosol, compared them to a swarm of dancing 
gnats. This interesting phenomenon is called ‘'Brownian Move- 
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menf from Robert Brown (1773-1858), an English botanist, who 
first observed them in 1827 when studying grains of pollen. Observa¬ 
tions made by ingenious methods upon the Brownian movements 



Fig. 8 . —Spirillum of Asiatic cholera, Fig. 9. —Spirillum volutans, showing 

showing single flagellum. (Kolle and flagella at either end of the bacterium. 

Zetnow.) (Herzog.) 


of colloidal suspensoids are exactly what the kinetic theory indi¬ 
cates would be the behavior of molecules of that size. Both dead 
and non-motile bacilli show this movement as do also small particles 
freely suspended in the liquid. However, many bacteria show a 



Fig. 10.—Bacillus proteus vulgaris, showing numerous flagella around the entire body 
of the bacterium. (Herzog.) 

true independent motion and if watched the organism will be found 
to change its position with relation to other organisms. This is 
known as vital movement.’^ 
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The speed with which they travel, being magnified to the same 
extent as are the organisms^ makes them appear to h(‘ travelling 
with enormous speed, insomuch that Leeuwenhoek, who first 
described it, stated that ‘'they seemed to tear through each other.” 
The actual speed, however, is not great for the typhoid bacillus 
may travel a distance of 4 mm. or about 2000 times its own length 
in one hour, whereas the cholera spirillum has been known to attain 
a speed of 18 cm. per hour. Some organisms are motile if grown on 
one cultural media, and non-motile if grown on another; for example, 
the colon bacillus is usually motile if examined from young cultures 
grown on gelatin or agar, but non-motile if taken from boullion. 

Organs of Locomotion.—The protoplasmic threads called organs 
of locomotion are flagella or cilia. A cilium differs from a flagellum 
in that the former has a simple curve whereas the latter has a com¬ 
pound curve, like a whip lash. The size, the number, and the 
arrangement of the flagella are characteristic of the organism. 
Most bacteria possess flagella rather than cilia. Differences exist in 
respect to the number and position of the flagella on the cell body. 
Some forms possess only a single flagellum at one pole and are 
called monotricha, others a flagellum at each pole (amphitricha), 
others a tuft of flagella at one pole (lophotricha), others flagella 
projecting from the whole body of the cell (peritricha); and still 
others possess no flagella and are known as atricha. 



Fig. 11. —Pneumococci with unstained capsules. From pneumonia sputum, 
stained with carbol-fuchsin and differentiated with weak acid alcohol. Magnifica¬ 
tion 1000. (Karg and Schmorl.) 


Cell WaE (Ectoplasm).—The cell wall is the slightly differentiated 
outer portion of the cell substance. Many writers prefer to call it 
“ectoplasm.'' Early in the history of bacteriology it was con¬ 
sidered that the absence of cellulose in bacteria indicated that they 
belonged to the animal rather than to the plant kingdom. But 
cellulose or hemicellulose has been identified in bacteria from pus, 
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B. suhtilis, tubercle bacilli, and diphtheria bacilli. However, the 
great majority of the organisms contain ehitin, a siil)stance winch 
on hydrolysis yields glucosamin, CH 20 H(CIi 0 H);{CHNH 2 CH 0 , 
and acetic acid. Cliitin is typically animal in origin and for this 
reasoii some have argued that the bacteria belong to the animal 
and not to the plant kingdom. The flagella probably originate from 
the ectoplasm. 

Capsizes.—Many bacteria possess a capsule which is an outgrowth 
of the cell membrane and is composed of mucin. In stained cultures 
it usually appears as a halo surrounding the organism. The forma¬ 
tion of a capsule is not confined to only a few species, some writers 
arguing that under appropriate conditions all organisms form them; 
yet the so-called capsulates are especially prone to do so. Some 
organisms produce capsules when grown on one media, but not if 
grown on another. Milk especially favors the formation of capsules. 

Sheath.—Often a distinct tube is formed in which is inclosed the 
chain of cells; to this tube is given the name “ sheath.’' It is espe¬ 
cially characteristic of some of the trichobacteria as crenothrix in 
which there is a deposition of iron. Sometimes these become fossil¬ 
ized, occurring in hugh deposits in ferruginous water. 

Zoogloea.—Often the gelatinous material of the cell causes great 
masses of cells to adhere to each other, to which condition is given 
the name “zoogloea.” This is especially characteristic of the nitri¬ 
fying bacteria. 

Cytoplasm.—Chemical analysis of the cytoplasm of the bacteria 
cell shows it to be richer in nitrogen and phosphorus than are the 
cells of higher plants. Moreover, on being stained the cytoplasm 
appears as a homogeneous mass filling the whole cell, thus making 
it certain that bacteria do not possess a nucleus in the ordinarily 
accepted sense of the term. But the fact that the organisms stain 
so readily with the ordinary nuclear stains has led some to believe 
that the organisms are made up mainly of nuclear material. This 
is the view held by Zettnow who has succeeded in staining some large 
spirilla in a living motile condition. Hence the idea held by the 
majority of workers at the present time is that the bacterial cell is 
composed of small quantities of cytoplasm in which is imbedded 
large quantities of fragmented, irregularly distributed chromatin. 

Metachromatic Granules.—Some bacteria contain vaiious granules 
within the cell which stain differently from the substance of the cell 
body; these are known as ''metachromatic” granules or "Babes- 
Ernst” granules, or because of their frequent position at the ends of 
bacilli as polar bodies. Microchemical examination has shown them 
to be composed of various substances: fat, sulphur granules, gly¬ 
cogen, lecithin, and protein-like compounds. 

Their function has been variously interpreted. Some have com¬ 
pared them to the centrosomes of more highly specialized cells. 



44 


MORPHOLOGY OF BACTERIA 


Others consider there to be a relationship between the richness of 
the cell in granules and its Anrulence. Hill, however, considers that, 
inasijiuch as nitrates increase the nitrogen assimilated hy Azotohafier 
and the number and size of the volutin bodies, they bear some 
relationship to the organisms’ power to fix nitrogen. Although it 



Fig. 12. —Successive stages in division of Bacillus diphtherice, showing relation of 
line of division to metachromatic granule. Continuous observation of living bacillus 
drawn without camera lucida. (Williams.) 


is quite possible that they may possess various functions in differ¬ 
ent organisms, the majority of them would seem to be, as suggested 
by Meyer, reserve food materials which, occur in the cytoplasm of 
the cells of various bacteria. They are most numerous in rapidly 
growing young cultures and usually disappear when the food becomes 
scarce. 
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Fig. 13.—Types of bacterial spores. (Kendall.) 


Spores.—Bacteria possess the power of mobilizing the vital parts 
of their body into a much smaller space than they occupy during 
their normal life. They exclude all of the excess moisture and sur¬ 
round themselves by a tough resistant coat. In some respects 
this form of the organism resembles the seed of the higher plant 
and we speak of it as a spore. While in this stage they will with¬ 
stand many conditions which would quickly prove fatal to growing 
bacteria. Some of them can withstand the temperature of boiling 
water for many hours, or they may survive treatment with strong 
carbolic acid. For the time being they have lost the power of mul¬ 
tiplying, but they are still alive and if they are brought into appro¬ 
priate surroundings they will change back into normal bacteria just 
as a kernel of wheat changes into the young plant when placed in 
moist soil. It is indeed fortunate for mankind that but few of the 
disease-producing organisms form spores. There are, however, 
many of the bacteria which cause fruit, meat, and various other 
food products to spoil, which do form very resistant spores and this 
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is why many food products have to be heated for such a long time, 
or to such a high temperature to keep them. 

The manner of formation of spores within the body of the organ¬ 
ism is characteristic. They develop within the cell body and hence 
are called “ endospores.” They are formed by the bacilli and spirilla, 
but not by the cocci. The beginning of spore formation is marked 
by a granulation of the cell contents. As the process proceeds the 
granules become larger and eventually fuse and collect at one por¬ 
tion of the cell which is then surrounded by a spore wall. The spore 
may be either smaller or larger than the mother cell. In the latter 
case there is a bulging of the mother cell. The spore may be equa¬ 
torial, polar, or intermediate within the cell depending on its position. 
When situated equatorially and larger than the mother cell it gives 
to it a boat-shape appearance (clostridia). If situated at the pole 
and large, we have the capitate or drumstick appearance. When 
bacteria are found in chains and spores form in the end, there is a 
tendency for them to occur in adjacent ends of contiguous cells. 
A cell usually forms only one spore; hence, this cannot be considered 
a process of reproduction. 

When the spores are brought under favorable conditions of food 
supply, temperature, and moisture they germinate. The process 
differs according to species. In some species the spore ruptures at 
the pole and the young cell emerges in such a way that its long axis 
is in the same direction as the long axis of the spore, thus leaving 
the spore membrane still visible at one of the poles. In other species 
the spore germinates equatorially and the ^'oimg cell emerges with 
its long axis at right angles to the long axis of the spore. In still 
other species there is no rupturing of the spore, but germination 
occurs by a gradual elongation and absorption of the spore. 

Longevity of Bacteria.—Due to their method of multiplication 
there is no such condition as old age among bacteria since both 
daughter cells are similar in age and composition. It is well known 
that while in the spore condition many organisms can survive for 
over two decades. Both the spore-forming and non-spore-forming 
organisms have been obtained from soil which had been kept in 
bottles in an air dry condition for more than fifty years. Recently 
Sarcina Ivtea and other well-known air organisms have been obtained 
from a Mastodon uncovered by the recession of the ice in Siberia. 
This animal must have been covered for hundreds of years. This 
would, therefore, seem to indicate that the longevity of bacteria 
may be extremely great. 


CHAPTEE IV, 


CLASSIFICATION OF BACTERIA. 

The difficulties inherent in the classification of bacteria are 
numerous and, due to the small simple structure of the organism, 
cannot be worked out on a purely morphological basis as is the 
case with the higher plant. Moreover, physiological characteristics, 
such as pigment production which at first sight may appear useful 
are not constant. Even morphology of bacteria was not considered 
constant until 1872 at which date Cohn established upon mor¬ 
phological bases a classification which with minor changes has been 
retained until the present. Bacteria play a part in many fields of 
activity, and hence the criteria whereby they are recognized vary 
greatly according to the art or science in which they are studied. 
This has led to considerable confusion in classification and nomen¬ 
clature as is so admirably pointed out by Jordan. 

'"The present nomenclature of bacteriology may be criticized 
on two grounds: first, as already pointed out, for the unwieldy 
size that certain 'genera' have been allowed to assume; and second, 
for the haphazard way in which trinomial and even quadrinomial 
names have been bestowed. Such names can be properly employed 
only with reference to subspecies or varieties; and designations, like 
B. coli communis, Granulobacillus saccharobutryicus mohilis non- 
liquefaciens and Micrococcus acidi 'paralactici liguefaciens Halensi, 
are both cumbersome and unscientific. The use of a single genus 
name for a multitude of organisms is in fact responsible for the 
tendency toward trinomial nomenclature, and the remedy for both 
conditions would seem to lie in the abandonment of such a term as- 
Bacillus for the name of a genus and the frank establishment of 
new genera on the basis of physiological characters, such, for example 
as distinguish the colon-typhoid group or the diphtheria group of 
bacilli. Until some such reform in nomenclature is brought about 
the names used to designate different kinds of bacteria will fail to 
make clear the group relationships which undoubtedly exist, and 
will continue to be a stumbling block to all students of the subject." 

The classification most commonly accepted at the present day 
is that formulated by Migula. This, with certain modifications, is 
given below. 

Bacteria, Schizomycetes, fission fungi (chlorophyll-free), cell divi¬ 
sion in one, two or three planes; many varieties possess the power 
of forming endospores. Whenever motility is present, it is due to 
flagella, or more rarely to xmdulating membranes. 
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Family I.—Coccacece—cells in free state spherical; division in one^ 
two or three planes; endospore formation rare. 

Genus 1.—Streptococcus—cells divide in one plane only for which 
reason; if they remain connected after fission bead-like chains may 
be formed; no organs of locomotion. 

Genus II.—Micrococcus (Staphylococcus)—cells divide in two 
planes, whereby, after fission, tetrad and grape-like clusters may be 
formed; no organs of locomotion. 

Genus III.™Sarcma—-cells divide in three planes, whereby, after 
fission, bale-like packets are formed; no organs of locomotion. 

Genus IV.—Planococcus—cells divide in two planes, as in. Micro¬ 
coccus; possess flagella. 

Genus V.—Plauosarcina—cells divide in three planes, as in 
cina; posses flagella. 

Family ll.—Bacteriacece—aMs long or short; cylindrical, straight 
never spiral; division in one plane only, after preliminary elongation 
of the rods. 

Genus I.—iiademm—cells withoutflagella; often with endospores. 

Genus 11.—Bacillus— c€\[s with peritrichal flagella; often with 
endospores. 

Genus lH.—Pseudomonas—cdls with polar flagella; endospores 
occur in a few species but are rare. 

Family 111.—Spirillacea—ceVLs spirally curved or representing 
a part of a spiral curve; division in one plane only, after elongation 
of cell. 

Genus l.—Spirosoma~~cells without organs of locomotion; rigid. 

Genus 11.—Microspira—cells rigid, with one or more rarely, two 
or three polar undulated flagella. 

Genus III.-—cells rigid, with polar tufts of five to 
twenty flagella usually curved in semicircular or flat undulating 
curves. 

Genus IV. — SynTockoBta—cells sinously flexible; organs of loco¬ 
motion unknown, perhaps a marginal undulating membrane. 

Family IV.—Chlamydohacteriacece—Forms of varying stages of 
evolution, all possessing a rigid sheath, which surrounds the cells; 
cells united in branched or unbranched threads. 

Genus I. —■ Streptothrix —cells united in simple, unbranched threads; 
division in one plane only; reproduction by non-motile conidia. 

Genus 11.—Cladothrix—cells united or pseudodichotomously 
branching threads; division in one plane only; vegetative multipli¬ 
cation by separation of entire branches; reproduction by swarming 
forms with polar flagella. 

Genus 111.—Crenothriv—cells united in unbranched threads; 
division at first in one plane only. Later the cells divide in all three 
planes; the daughter cells become rounded and develop into repro- 
ductive^cells. 


48 


CLASSIFICATION OF BACTERIA 


Genus lYPhragmidiothrix—celh at jSrst united in unbranclied 
threads, dividing in three planes, thus forming a rope of cells; later 
some of the cells may penetrate through sheath and thus give rise 
to branches. 

Family Y.—Beggisatoacea—cells united in sheathless threads; 
division in one direction of space only; motility by undulating mem¬ 
brane as in Osoillaria, 

Genus L—unbranched, non-motile threads, inclosed 
in fine sheaths; division of cells in one plane only; cells contain 
sulphur granules. 

Genus 11.—Beggiatoa—cells with sulphur granules. 

The difficulties inherent in this classification and especially the 
needs of reform to the agricultural bacteriologist are seen from the 
following: 

^‘Many workers in medical bacteriology and in other special 
fields of applied microbiology, who deal with only a few well- 
recognized species, may perhaps feel no need for any change in 
current practice. Few can deny, however, that it is a serious 
inconvenience for such names as P. welchii, B. si^orogenes, B. 
frmgens to be used by various workers, sometimes for the same, 
sometimes for different organisms, or for the same form to be 
described as Bacterium lactis aerogenes or Streptococcus lacticus 
when it is isolated from milk and as Streptococcus salivarius or 
Sir. fecalis when it is isolated from the human mouth or intestine.’' 

'‘When one passes from a study of the practical effects of the 
activity of some particular microbe to a consideration of its relation¬ 
ship to other forms it becomes essential not only to have a name 
for each kind of organism but to have also a system of nomenclature 
which will make it possible to express such relationship with reason¬ 
able clearness and accuracy. 

"This need is met by the Linnaean system of classification uni¬ 
versally adopted by all biologists outside our own limited and sys¬ 
tematically undeveloped fields. According to this Linnaean system 
each recognizable kind of plant or animal receives a binomial 
Latinized name, the first half designating the genus or group to 
which it belongs and the second half the particular kind or species 
to which the name applies. The genera in turn are grouped in 
tribes, the tribes in families, the families in orders, and the orders in 
classes. These divisions will often be artificial and often of greatly 
unequal size and importance in different groups. They make it 
possible, however, to express in a simple manner the essential facts 
of biological relationship—the fact that A, B, and C are more 
nearly related to each other than are any of them to D, E, and F; 
and that the series A-F exhibits common relationships closer than 
any similaritieis which its members bear to G or H. 

"If such a system is accepted it is in the next place important to 
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make sure that each group, from species to class, shall bear a single 
universal name. The name need not be appropriate; it need only 
be stable. It is an arbitrary label, not a description. If the door 
be once opened to criticism on the ground of inappropriateness, 
stability must disappear. 

It is in order to ensure uniformity and stability of nomenclature 
that the International Codes referred to have been formulated; and 
it is to the International Rules of Botanical Nomenclature (1910) 
that we, as bacteriologists, should naturally turn for guidance. 

'' Leaving out a great many minor rules and recommendations, 
the most important of the rules which would affect bacteriological 
practice may be cited as follows: 

Chapter I, Article 7.—''Scientific names are in Latin for-* all 
groups.'' 

Chapter II, Article 10.—"Every individual plant belongs to a 
species {species), every species to a genus {genus)^ every genus to 
a family {jamilia), every family to an order {ordo), every order to a 
class {classis), every class to a division (divisio)” 

Chapter III, Section 1, Article 15.—"Each natural group of 
plants can bear in science only one valid designation, namely, the 
oldest, provided that it is in conformity with the rules of Nomen¬ 
clature and the conditions laid down in Articles 19 and 20 of 
Section 2." 

Chapter III, Section 2, Record iii.—"Orders are designated 
preferably by the name of one of the principal families, with the 
ending alesN 

Chapter III, Section 3, Article 21. —"Families {familuE) are 
designated by the name of one of their genera or ancient generic 
names, with the ending acece^ 

Chapter III, Section 3, Article 23.—"Names of subfamilies 
{subfamilice) are taken from the name of one of the genera in the 
group, with the ending oidew. The same holds for the tribes 
{tribus) with the ending em and for the subtribes {subtribus) with the 
ending inceN 

Chapter III, Section 3, Article 24.—"Genera receive names 
(substantive adjectives used as substantives) in the regular singular 
number and written with a capital letter which may be compared 
with our own family names. These names may be taken from any 
souree whatever and may even be composed in an absolutely 
arbitrary manner." 

Chapter III, Section 3, Article 26.—"All species, even those that 
singly constitute a genus, are designated by the name of the genus to 
which they belong, followed by a name (or epithet) termed specific, 
usually of the nature of an adjective (forming a combination of two 
names, a binomial or binary name)." 

Chapter III, Section 3, Article 26, Record viii.—"The specific 
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name should in general give some indication of the appearance, the 
characters, the origin, the history or the properties of the species. 
If taken from the name of a person it usually recalls the name of the 
one who discovered or described it, or was in some way concerned 
with it. 

Chapter III, Section 3, Record x.--“Specific names begin with a 
small letter except those which are taken from names of persons 
(substantives or adjectives) or those which are taken from generic 
names (substantives or adjectives).'’ 

The classification suggested by the Committee of the Society 
of American Bacteriologists has many points of merit to the agri¬ 
cultural bacteriologist. The classification in brief is as follows: 

THE CLASS SCHIZOMYCETES, 

Minute, one-celled chlorophyll-free, colorless, rarely violet-red or 
green-colored plants, which typically multiply by dividing in one, 
two, or three directions of space. The cells thus formed are usually 
spherical, cylindrical, comma-shaped, spiral, or filamentous and are 
often united into filamentous, flat, or cubical aggregates. Filament¬ 
ous species often surrounded by a common sheath. The cell plasma 
generally homogeneous without a morphologically differentiated 
nucleus. Reproduction by simple fission. In many species resting 
bodies are produced, either endospores or gonidia. Cells may be 
motile by means of flagella. 

A. Order Myxohacteriales.—Cells united during the vegetative 
stage into a pseudoplasmodium which passes over into a highly- 
developed cyst-producing resting stage. 

B. Order Thiobacteriales.—Cells free or united in elongated fila¬ 
ments. Typically water forms, not cultivable on ordinary media. 
Life energy derived mainly from oxidative processes. Cells typi¬ 
cally containing either granules of free sulfur or bacteriopurpurin 
or both, usually growing best in the presence of hydrogen sulphid. 

C. Order CMamydobacteriales.—Cells normally united in elongated 
filaments, often showing false but never true branching. Typically 
water forms. Sulphur and bacteriopurpurin are absent. Iron often 
present and usually a well-marked sheath. 

D. Order Actinomycetales.—Cells usually elongated, frequently 
■filamentous and with a decided tendency to the development of 
branches, in some genera giving rise to the formation of a definite 
branched mycelium. Cells frequently show swellings, clubbed, or 
irregular shapes. No pseudoplasmodium. No deposits of free sul¬ 
phur or iron. No bacteriopurpurin. Endospores not produced, but 
conidia developed in some genera. Usually Gram-positive. Is^on- 
motile. Some species are parasitic in animals or plants. Not 

foTO§i Complex profeips frequently required^ As u rul@ 
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strongly aerobic (except for some species of Actinomyces and the 
genera Fusiformis and Leptotrichia) and oxidative. Growth on 
culture media often slow; some genera show mold-like colonies. 

Family l,-~"Actinomycetace(B.—Yi\amexitomfoTms often branched 
and sometimes forming mycelia. Conidia sometimes present. 
Some species parasitic. 

Genus Filament formation, resembling strep- 

tobacilli. In lesions no mycelium formed, but at peripheries finger- 
shaped branched cells are visible. Gram-negative. Not acid-fast. 
Type species, Act Lignieresi. 

Genus 2.--~Leptotrichia.-~Thick, long, straight or curved threads, 
imbranched, frequently clubbed at one end and tapering to the other. 
Gram-positive when young. Threads fragment into short, thick 
rods. Anaerobic or facultative. Non-motile. Filaments sometimes 
granular. No aerial hyphse or conidia. Parasites or facultative 
parasites. Type species, Lep. hiiccalis. 

Genus 3.—Actinomyces.—OrgSimsm growing in form of a much- 
branched mycelium which may break up into segments that func¬ 
tion as conidia. Sometimes parasitic, with clubbed ends of radiating 
threads conspicuous in lesions in animal body. Some species are 
micro-aerophilic or anaerobic. Non-motile. Type species. Act 
hovis Flarz. 

Genus 4. — Erysipelothriw—'Rod-shdi-ped organisms with a ten¬ 
dency to the formation of long filaments which may show branching. 
The filaments may also thicken and show characteristic granules. 
No spores. Non-motile. Gram-positive. Do not produce acid. 
Micro-aerophilic. Usually parasitic. Type species. Bacillus 
rImsiopathicB suis Ivitt 1893; Mycobacterkmi rimsiopathioe Chester 
1901; Erysipelothrix porci Rosenbach 1909, the causal organism of 
swine erysipelas. 

Family II.-—Parasitic forms. Rod-shaped, 
frequently irregular in form but rarely filamentous and with only 
slight and occasional branching. Often stain unevenly (showing 
variations in staining reaction within the cell). No conidia. 

Genus l.—Mycohacterimn.—^lendLtx rods which are stained with 
difficulty, but when once stained are acid-fast. Cells sometimes 
show swollen, clavate, or cuneate forms, and occasionally even- 
branched cells. Non-motile. Gram-positive, No endospores. 
Growth on media slow. Aerobic. Several species pathogenic to 
animals. Type species, Mycobacterium tuberculosis. 

Genus 2.—Coryvebacteriuni.Slender, often slightly curved, rods 
with tendency to club and pointed forms, branching cells reported 
in old cultures. Barred uneven staining. Not acid-fast. Gram¬ 
positive. Non-motile. Aerobic. No endospores. Some pathogenic 
species produce a powerful exotoxin. Characteristic snapping 
motion is exhibited when cells divide. Type species, Cornynebac- 
terium diphtherice. 
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Genus 3.—i^wifomi^.—Obligate parasites. Anaerobic or micro- 
aeropbilic. Cells frequently elongate and fusiform^ staining some¬ 
what unevenly- Pilaments sometimes formed; non-brancbing. 
Non-motile. No spores. Growth in laboratory media feeble. 
Type species, Fusiformis termitidis Heelling, 

Genus Non-motile rods, slender, Gram-nega¬ 

tive, stain poorly, sometimes forming threads and showing a ten¬ 
dency toward branching. Gelatin may be slowly liquefied. Do 
not ferment carbohydrates. Growth on potato characteristically 
honey-like. Type species, Pfeifferella mallei. 

E. Order Eiibacteriales.—The order Evbacteriales includes the 
forms usually termed the true bacteria, that is, those forms which 
are considered least differentiated and least specialized. The cell 
metabolism is not primarily bonnd up with hydrogen snlphid or 
other sulphur compounds, the cells in consequence containing neither 
sulphur granules nor bac1:eriopurpurin. The cells apparently do not 
possess a well-organized or well-differentiated nucleus. These 
organisms are usually minute and spherical, rod-shaped or spiral, 
in most genera not producing true filaments, and rarely branching. 
The cells may occur singly, in chains, or other groupings. They 
may be motile by means of flagella, or non-motile, but they are never 
notably flexuous. Cell multiplication occurs always by transverse, 
never by longitudinal, fission. Some genera produce endospores, 
particularly the rod-shaped types. Conidia are not observed. 
Chlorophyll is absent, though the cells may be pigmented. The 
cells may be united into gelatinous masses, but they never form 
motile pseudoplasmodia nor develop a highly specialized cyst- 
producing fruiting stage, such as is characteristic of the Mifxo- 
bacteriales. 

Eamily 1 .—N’itrobadmacecp.—Organisms usually rod-shaped 
(sometimes nearly spherical in Nitrosomonas and possibly in Azoto- 
bacter). Cells motile or non-motile. Branched involution forms in 
Rhizobium and Acetohacter. Endospores never formed. Obligate 
aerobes, capable of securing growth energy by the direct oxidation 
of carbon, hydrogen, or nitrogen, or of simple compounds of these. 
Nou-parasitic (except in Genus Rhizobium )—usually water or earth 
forms. 

Tribe 1.—A^'itro&acterecr.—Organisms deriving their life energy 
from oxidation of simple compounds of carbon and nitrogen (or of 
alcohol). 

Genus 1.— Hydrogenomonas .—Monotrichic short rods capable of 
growing in the absence of organic matter and securing growth energy 
by the oxidation of hydrogen (forming water). Kaserer (1905) who 
first described the organism states that his species will also grow well 
on a variety of organic substances. Type species, Hydrogenomonas 
'panMroyha (Kaserer 1906) Ork-Jensen. Nikleusld (1910) described 
two adchtional species, H, mfrea and E.flava. 
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Genus 2.--Methano7)7()?ms.--M.oiLiotnchic short rods capable of 
growing in the absence of organic matter and securing growth 
energy l)y the oxidation of methane (forming carbon dioxid and 
VYatcr). Type species, Meth. methainca. 

Genus 3.—G^lr6oa’2/cZo7??07?Q^5.-~Autotrophic rod-shaped cells cap¬ 
able of securing' growth energy by the oxidation of carbon moiioxid 
(forming carbon dioxid). Type species, Carh. oligocarhophila 
(Beijerinck and van Delden (1903) Orla-Jensen is described as non- 
motile. 

Genus 4.— Acetobacter .—Cells rod-shaped, frequently in chains, 
non-motile. Cells grow usually on the surface of alcoholic solutions 
as obligate atTobes, securing growth energy by the oxidation of 
alcohol to acetic acid. Also capable of utilizing certain other carbo¬ 
naceous compounds, as sugar and acetic acid. Elongated, filament¬ 
ous, club-shaped, swollen, and even-branched cells may occur as 
involution forms. Type species, Ace. aoeti 

Genus 5.— Nitrosomonas.—Cdh rod-shaped or spherical, motile, 
or non-motile, if motile with polar flagella. Capable of securing 
growth energy by the oxidation of ammonia to nitrites. Growth on 
media containing organic substances scanty or absent. Type species, 
Nitro. europcea Winogradsky. 

Genus Q,-~~N'itrobacter.—Ce\h rod-shaped, non-motile, not grow¬ 
ing readily on organic media or in the presence of ammonia. Cells 
capable of securing growth energy by the oxidation of nitrites to 
nitrates. Type species, Nitro. Winogradskyi. 

Tribe ^.—Azotohacierem (Nitrogen-fixing organisms). 

Genus 7.—Azofobacter.—lS.el2i>tiye\y large rods, or even cocci, 
sometimes almost yeast-like in appearance, dependent primarily 
for growth energy upon the oxidation of carbohydrates. Motile or 
non-motile; when motile, with tuft of polar flagella. Obligate 
aerobes usually growing in a film upon the surface of the culture 
medium. Capable of fixing atmospheric nitrogen when grown in 
solutions containing carbohydrates and deficient in combined nitro¬ 
gen: Type species, A zotohacter chroococcum Beijerinck. 

Geiius 8.“™ Rhizobnm.—'MmMie rods, motile when young. Invo¬ 
lution forms abundant and characteristic when grown under suitable 
conditions. Obligate aeTobes, capable of fixing atmospheric nitrogen 
when grown in the presence of. carbohydrates in the absence of 
compounds of nitrogen. Produce nodules upon the roots of legu¬ 
minous plants. Type species, R. leguminosarum Frank. 

Fi^MiLV II. — P^m(/o???.cnadutee<r.“~Rod-shaped, short, usually 
motile by means of polar flagella or rarely non-motile. Aerobic and 
facultative. Frequently gelatin liquefiers and active ammonifiers. 
No eudospores. Gram stain variable though usually negative. 
Fermentation of carbohydrates as a rule not active. Frequently 
produces a water-soluble pigment which diffuses through the medium 
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as green, blue, purple, bro.wii, etc. In some cases a iion-diifusible 
yellow pigment is formed. Many yellow species are plant parasites. 

Genus 1.---Pseudcmovas.-"Chiimctevs, those of family. Type 
species, Ps. aeruginosa (Schroeter) Frost? 

Family IIJS 2 )iriUaaece.~~Cd\s elongate, more or less spirally 
curved. Cell division always transverse, never longitudinal. Cells 
non-flexuous. Usually without endospores. As a rule motile by 
means of polar flagella, sometimes non-motile. Typically water 
forms, though some species are intestinal parasites. 

Genus 1.—Vibrio .—Cells short bent rods, rigid, single, or united 
into spirals. Motile by means of a single (rarely two or three) polar 
flagellum which is usually relatively short. Many species liquefy 
gelatin and are active ammonifiers. Aerobic and anaerobic. No 
endospores. Usually Gram-negative. Water forms, a few parasites. 
Type species, comma (Koch 1884) Schroeter 1886. 

Genus 2.—Spirillum.—Cdh, rigid rods of various thicknesses, 
length, and pitch of the spiral, forming either long screws or portions 
of a turn. Usually motile by means of a tuft of polar flagella (5 
to 20) which are mostly half circular, rarely wavy-bent. These 
flagella occur on one or both poles; their number varies greatly and 
difficult to determine; since in stained preparations sev^eral are 
often united into a common strand. Endospore formation has been 
reported in some species. Habitat: wmter or putrid infusions. Type 
species, S. vndula (Mueller 1786) Ehrenberg. 

Family IV.—Coccaceu’.—Cells in their free conditions, spherical; 
during division somewhat elliptical. Division in one, two, or three 
planes. If the cells remain in contact after division they are fre¬ 
quently flattened in the plane of division and form chains, packets, 
or irregular masses. Motility rare. Endospores absent. Metab¬ 
olism complex, usually involving the utilization of amino-acids 
or carbohydrates. Pigment often produced. 

Tribe A.—Strict parasites, failing to grow or growing 
very poorly on artificial media. Cells normally in pairs. Gram¬ 
negative. Growth fairly abundant on serum media. 

Genus l.—iVemFriu.—Characters, those of tribe. Type species, 
iV. gonorrhoea Trevisan. 

Tribe B.—Sire^iococcFQp.—Parasites (thriving only or best on 
or in the animal body) except genus Leiiconostoc. Grow well under 
anaerobic conditions. Many forms grow with difficulty on serum- 
free media, none very abundantly. Planes of fission usually^ parallel 
producing pairs, or short, or long chains, never packets. Generally 
stain by Gram. Produce acid but no gas in glucose and generally in 
lactose broth. Pigment, if any, white or orange. 

Genus 2.— i)fp^ococc^^^.—Parasites, growing poorly, or not at all, 
on artificial media. Cells usually in pairs of somewhat elongated 
cells, often capsulated, sometimes in chains. Gram-positive. Per- 
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iiientativc powers most strains forming acid in «;liicose, lactose, 
sucrose, and inulin. Type species, ]). pmiimonup Weichselbaum. 

Genus 3.Saprophytes usually growing in cane 
sugar solutions. Cells in chains or pairs united in large zoogleal 
masses. Some types at least Gram-negative. Type species i. 
't)ie sente raider (Cienkowski) vanTieghem. 

Genus i.— Streptococcus.—Chie-Ry parasites. Cells normally in 
short or long chains (under: unfavorable conditions sometimes in 
pairs and small groups, never in large packets). Generally stain by 
Gram. Capsules rarely present, no zoogleal masses. On agar 
streak, effused translucent growth often with isolated colonies- In 
stab culture little surface growth. Many sugars fermented with 
formation of large amount of acid, but inulin is rarely attacked. 
Generally fail to liquefy gelatin or reduce nitrates. Type species, 
S. pyogenes flosenbach. 

Genus 5.™Parasites. Cells in groups and short 
chains, very rarely in packets. Generally stain by Gram. On agar 
streak good growth, of white or orange color. Glucose, maltose, 
sucrose, and often lactose, fermented with formation of moderate 
amount of acid. Gelatin often liquefied very actively. Type species, 
S. aureus Rosenbach. 

Tribe C.~Micrococce(p.—l^‘dc\i\tiitl\o parasites or saprophy^tes. 
Thrive best under aerobic conditions. Grow well on artificial media, 
producing abundant surface growths. Planes of fission often at 
right angles; cell aggregates in groups, packets, or zoogleal masses. 
Generally decolorize by' Gram. Pigment }^ellow or red. 

Genus il—Micrococcus .—parasites or saprophytes. 
Cells in plates or irregular masses (never in long chains or packets). 
Generally decolorize by' Gram, (frowth on agar abundant, with 
formation of yellow pigment. Glucose broth slightly acid, lactose 
broth generally neutral. Gelatin frequently liquefied, but not 
rapidly'. Type species, M. Liitens (Schroeter) l(S72b, Cohn. 

(Jenus 7.—S(irchia.—Smeind differs from Micrococcus solely in 
the fact that cell division occurs under favorable conditions in three 
planes, forming regular packets. Type species, Sarema veniriculi 
Goodsir. 

Genus 8.™ jR/iadococcas'.—Saprophytes. Cells in groups or regular 
packets. Generally decolorize by Gram. Growth on agar abundant 
with formation of red pigment. Glucose broth slightly acid, lactose 
broth neutral. Gelatin rarely liquefied. Nitrates generally reduced. 
Type species, 11. rhodochraus Zopf. 

Family \C—Bactenacea.—'RcM&\iiii)e(l cells without endospores. 
Usually Gram-negative. Fkgella when present peritricbic. Metab¬ 
olism complex:, amino-acids being utilized and generally carbo¬ 
hydrates. 
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Tribe l.—Chromobacterce.—VfsiteT bacteria producing a red or 
violet pigment. 

Genus l.—ErythTohacilhs.--'Sm2il\ aerobic bacteria, producing a 
red or pink pigment, usually a lipochrome. Gram stain variable. 
It is possible that related yellow and orange chromogens should be 
included here as well. Type species, E. 'prodigiosus (Ehreiiberg). 

Genus 2.Aerobic bacteria, producing a violet 
chromoparous pigment, soluble in alcohol but not in chloroform. 
Motility and Gram reaction variable. Type species, Chr. nolacuu 
Bergonzini. 

Tribe 2.—iJrm^ecp.—Plant pathogens. Growth usually whitish, 
often slimy. Indol generally not produced. Acid usually formed in 
certain carbohydrate media, but as a rule no gas. 

Genus Z,—Erwmia .—Characters those of the tribe. Type species, 
E. amylovora. 

Tribe 3.—.Zop/iecp.—Gram-positive rods, growing freely on arti¬ 
ficial media. Not attacking carbohydrates. 

Genus A.—Zopfius.'—Long rods occurring in evenly curved chains. 
Gram-positive, Motile. Proteus-like growth on media. Taculta- 
tive anaerobes. Carbohydrates and gelatin not attacked, hydrogen 
sulphid not formed. Type species, Z. zopfi (Kurth) Wenner and 
Rettger. 

Tribe 4.—Gram-negative rods growing freely on 
artificial media. Generally forming acid from carbohydrates and 
often gas composed of CO 2 and 

Genus S.—Pro^w^.—Higbly pleomorphic rods, filaments and 
curved cells being common as involution forms. Gram-negative. 
Actively motile. Characteristic ameboid colonies on moist media. 
Liquefy gelatin rapidly and produce vigorous decomposition of 
proteins. Terment glucose and sucrose (hut usually not lactose) 
with formation of acid and gas (the latter being CO 2 only). Type 
species, P. mlgaris Hauser. 

Genus 6.—Pac^ermm.—Gram-negative, evenly staining rods. 
Often motile, with peritrichic flagella. Easily cultivable, forming 
grape-vine leaf or convex whitish surface colonies. Liquefy gelatin 
rarely. All forms except B. akaligenes and the B, abortus group 
attack the hexoses and most species ferment a large series of carbo¬ 
hydrates. Acid formed by all, gas (CO 2 and H 2 ) only by one series. 
Typically intestinal parasites of -man and the higher animals although 
several species may occur on plants, and one (P. aerogenes) is widely 
distributed in nature. Many species pathogenic. Type species, 
JS. coli Escberich. 

Tribe 5,—lacbhacillea.—Bods often long and slender, Gram¬ 
positive, non-motile, without endospores. Usually produce acid 
from carbohydrates, as a rule lactic. When gas is formed it is CO 2 
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without H 2 . The organisms are usually somewhat thermophilie. 
As a rule micro-aerophilic; surface growth on media poor. 

Genus 7,~-LaGtohacillus.-~-GeTitnc characters those of the tribe 
Type species, L. caucasicns (Kern?) Beijerinck. 

Tribe 6.—Grain-negative rods, showing bipolar 
staining- Parasitic forms of slight fermentative power. 

Genus 8.—-"Aerobic and facultative. Powers of car¬ 
bohydrate fermentation slight; no gas produced. Gelatin not 
liquefied. Parasitic, frequently pathogenic, producing plague in 
man and hemorrhagic septicemia in the lower animals. T\-pe 
species, P. cholerse-gallinarum (Flugge) 1886 Trevisan. 

Tribe 7.—JTmopAiZcrcr.-“Minute parasitic forms gromng only in 
presence of hemoglobin, ascitic fluid or other body fluids. 

Genus 9.-—Minute rod-shaped cells, sometimes 
thread forming and pleomorphic, non-motile, without spores; strict 
parasites, growing best (or only) in presence of hemoglobin, and in 
general requiring blood serum or ascitic fluid. Gram-negative. 
Type species II. infhienzos (Pfeifter 1893). 

Family VII.—PaciZZacecr.—Rods producing endospores, usually 
Gram-positive. Flagella when present peritrichic. Often decom¬ 
pose protein media actively through agency of enzymes. 

Genus l.—Pac^7Z'U5.—Aerobic forms. Mostly saprophytes. 
Liquefy gelatin. Often occur in long threads and form rhizoid 
colonies. Form of rod usually not greatly changed at sporulatioii. 
T 3 q)e species, B. suhtilis Cohn. 

Genus 2.—CZo^Zndmm.—Anaerobes or micro-aerophiles. Often 
parasitic. Rods frequently enlarged at sporulation, producing 
Clostridium or pleotridium forms. Type species, C. butyrieuin 
Prazmowski. 
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COMPOSITION OF BACTERIA. 

The elementary composition of bacteria is the same as that 
of the higher plants. This is also true concerning the main chem¬ 
ical constituents composing their body. But the proportions of 
these latter at times vary quite widely. Moreover, some micro¬ 
organisms contain constituents not found in higher plants. 

Elementary Composition,—Bacteria on analysis yield carbon, hy¬ 
drogen, oxygen, nitrogen, potassium, phosphorus, sulphur, calcium, 
magnesium, iron, aluminum and manganese. As to whether the 
last two are essential to normal development is not certain. In 
some species they are known to be non-essential, whereas in others, 
for instance the Azotohacter, they seem to play an important part. 

Moisture.—Moisture is essential for all plant and animal life and 
is always abundant in actively growing cells; hence, we expect, 
and do actually find, large quantities of water in bacteria. The 
quantity present in the actively growing cell varies from as low as 
70 per cent, to as high as 90 per cent. Generally speaking, young 
cultures contain less moisture than do older cultures; this appears 
to be true until the spore stage is reached, after which the quantity 
of water greatly decreases. The temperature at which the cultures 
are grown also governs in a measure the quantity of water present, 
this being less when grown at 37° C. than when grown at 20^^ C. 
The cultural media undoubtedly play a great part in determining 
the moisture content of the cells. It is probably rather low in 
bacteria obtained from alkali soil or from saline waters. 

Organic Constitaents.—The bacterial cell contains carbohydrate¬ 
like bodies, proteins, extractives (fats, fatty acids, waxes and 
lipoids), and enzymes. In addition to these some bacteria also 
contain pigments, toxins and possibly ptomains. The quantity 
and quality of each, especially of the last four, vary greatly with 
the class of organisms and the conditions under which they are 
grown. 

Carbohydrates are really conspicuous by their absence in most 
bacterial cells, but the following members of the carbohydrate 
group have been recogniz;ed in varying quantities in some bacteria: 
cellulose, hemicellulose, dextrin, starch, glycogen and a number of 
the sugars. 

ExtraetiveSy although found to a limited extent inwall microorgan¬ 
isms, are found in larger quantities in the tubercle bacillus and other 
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nieiiibers of the acid-fast ^^'oiip. In some members of this group 
the extractivCvS vary from 2(5 to 4-0 per cent, of the total dry residue. 
In the early studies of the chemistry of bacterial cells it was assumed 
that the alcoholic and ethereal extracts consisted of fats exclusively. 
Tributyrin, tripalmatiii, tristearin, triolein, lecithin and various 
waxes have been recognized. 

Klebs found in the tubercle bacillus 20.5 per cent, of a red fat 
melting at 42° and 1.14 per cent, of a Avhite fat melting above 50°, 
the latter being insoluble in etlier but soluble in benzol. De Schwei- 
nitz and Dorset concluded that the fat of the tubercle bacillus con¬ 
tains palmitic and arachidic acids, while that of the glanders bacillus 
contains oleic and palmitic. They also obtained a crystalline acid, 
for which they suggested the name tuberciilinic acid. This is quite 
different from Ruppels nucleic acid. It had an elementary com¬ 
position of C 7 H 10 O 4 . The authors called attention to the similarity 
in composition and properties of this body and tetraconic acid. 
They suggest that it may be the substance which is responsible 
for the coagulating necrosis and reduction in temperature. 

Kresslig extracted tubercle bacilli successfully with ether, chloro¬ 
form, benzol and alcohol, and obtained 38.95 per cent, of fatty and 
waxy substances. Repeated extraction with chloroform gave a 
dark brown mass of the consistency and color of beeswax and melting 
at 4(5°. He found 14.38 per cent, of free fatty acid, 77.25 per cent, 
of neutral fat and esters of fatty acids, and some \n)latile fatty 
acid, probably butyric. He concluded that the fat of the tubercle 
bacillus is quite different from that obtained from any other source. 

’ The fats and waxes are probably both iiitra- and extracellular, 
for extraction of the intact cell yields some and the crushed cell 
yields still more. The quantity found within the cell varies greatly, 
depending on the media upon Avhich the organism is grown. Meyer 
found that the fat in BaciUus tinnescevs gradually increases until 
spore formation occurs, when it disappears; the spores are also free 
from fat. This, however, is not general for the spores of some 
organisms contain proportionally^ more fat than do the vegetative 
forms. 

Protems. —The bulk of the dry matter of the bacterial cell is com¬ 
posed of proteins. The following analysis reported by Ruppel 
indicates the composition of the tubercle cell: 

Nucleic (tuberculiiiic acid) 

Nucleoxjrotanain 

Nuclooproteicl .... 

Albuminoids 

Fat and wax .... 

Ash. 


8.0 per cent. 

25.5 
23.0 

8.3 

20.5 

C) 0 


The wonderful synthetic reaction catalyzed hy the . Izotobacter cell 
has directed the attention of workers to this specific organism. 
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Therefore, our knowledge of the composition of this organism is 
probably more nearly complete than it is of many other species. 

Berthelot early recognized that the nitrogen fixed by the Azoto- 
bacter is insoluble in water, thus indicating its protein nature. 
Lipman found there was a small but appreciable quantity of nitro¬ 
gen in both young and old cultures of A. melandii not precipi¬ 
tated by lead acetate and a large proportion not precipitated by 
phosphotungstic or tannic acid. Further work indicated that the 
substance was either amino-acids or comparatively simple peptids. 
He considered that one of the early substances synthesized by these 
organisms was alanin. An analysis of the Azotobacter membrane 
gave the following: 


Nitrogen as ammonia.0.98 per cent. 

Basic nitrogen..2.76 '' 

Non-basic nitrogen.6.39 

Nitrogen in MgO precipitate.0.42 “ 

Total nitrogen..10.45 “ 


This, he finds, corresponds remarkably closely to legumin. That 
it is complex is indicated by the fact that it is not readily assimilated 
by plants. 

Stoklasa fonnd the Azotobacter cell to contain 10.2 per cent, of 
total nitrogen and 8.6 per cent, of ash. The ash was from 58 to 
62.35 per cent, phosphoric acid. The nitrogen and phosphorus 
were mainly in the forms of nucleoproteins and lecithin. The 
percentage of both nitrogen and phosphorus in the cell increases, 
with age. 

The most complete analysis of the Azotobacter cells, so far 
reported shows them to contain, when grown on dextrin agar and 
rapidly dried at 30° C., 12.92 per cent, of protein. The protein is 
si^ar to other plant proteins. It contains 10 per cent, of ammonia 
nitrogen, 26.5 per cent, of diamino-nitrogen, and 60 per cent, of 
mono-amino-nitrogen. It contains the amino-acids normally found 
in proteins but the quantity of lysin present is high, whereas the 
histidin is present only in traces. 

An examination made by Nishimura of a pure culture of a water 
bacillus gave the following as the composition of the dry matter in 
the bacillus, 

Alb-unoin 
Carbohydrates 
Aloohol extract 
Ether extract 
A.sh . . 

Lecithin . 

Xantlun . 

Guama . 

A-deniu . . 


63.50 per cent. 
12,2 
3.2 
5.10 
11.20 
0.68 
0.17 
0.14 
0.08 
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The organism is, therefore, extremely rich in protein, and, 
although the albumin predominates it is not free from nucleoprotein, 
as is seen from the presence of the purine bases, xanthin, guanin 
andadenin. 

Inorganic Constituents.—The ash-content of the bacterial cell is 
not far different qualitatively from that of the higher plants. 
Quantitatively, however, there is a marked difference, the ash- 
content of bacteria being comparatively high. The ash-content 
of the cell is subject to mde variation, depending on the specific 
organisms and especially on the media upon which it is grown. 
This may be seen from the following results by Cramer who grew 
the Cholera rihrio on various media. 


, Composition of medium in 
which organisms were 
grown. 

1 per cent, soda 
bouillon (regular 
broth -f-1 Dcr cent, 
NaOH). 

Phosphate 
bouillon (regular 
broth -f-1 percent, 
sod. phosphate). 

NaCl bouillon 
(regular broth ■+ 

3 per cent. NaCl). 

Asli-content of bacteria in dry sub¬ 
stance . 

9.30 

i 

22.30 

25.90 

Ash-content of moist mass 

1.34 

2.75 

3.73 

Ash-content of medium in moist 
mass. 

1.25 

2.50 

4.12 

Pliosphoric acid in bacterial ash . 

28.70 

34.80 

10.90 

Phosphoric acid in media ash . 

7.90 

39.80 

2.10 

Chlorin in bacterial ash 

16.90 ! 

7.97 

40.70 

Chlorin in media ash . . . . 

23.00 

11.40 

49.20 


Analyses have been reported in which the phosphoric acid-con¬ 
tent reaches as high as one-half the total ash-content of the cell. 
It is quite probable that a great proportion of this is combined with, 
the nucleic acid in the nucleoproteins. 

Variation in Composition of Different Parts of the Cell. -As has 
been pointed out, the bacterial cell is not homogeneous but is made 
up of fairly distinct parts, namely, ectoplasm, capsule and cyto¬ 
plasm and nuclear material. These constituents vary noticeably 
in their chemical composition. Although the ectoplasm at times 
contains in some species of bacteria small quantities of cellulose 
and hemicellulose, yet the predominating substance is chitin, a 
substance which may be considered as an intermediary compound 
between the carbohydrates and proteins. When pure, chitin yields 
over 80 per cent, of its weight as glucosamine. It yields first acetic 
acid and chitosan: 


r^isH.'ioNiiOiy -H 2r-r-.o 
Chitin. 


2CaCOOH + a4moN‘>Oio 
Acetic acid. Chitosan. 


Ctitosan on further hydrolysis yields acetic acid and glucosamine: 

CuHjiNzOio 4- = CHsCOOI-I + 2CH20H(CHOH)8CHNH!CHO 

Chitosan. Acetic add. ' Glycosamine- 
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The cell membrane is, therefore, more nearly that of the animal 
than the plant. The brown color obtained on staining some 
bacteria with iodin has led observers to believe that they contain 
glycogen, whereas the blue color with the same reagent is attributed 
to starch. 

The capsules contain comparatively large quantities of mucin. 
These are protein-like substances which may be precipitated by 
alcohol. They give most of the protein reactions and, in addition, 
when heated with an acid, acquire the property of reducing Eehling’s 
solution, thus showing thenn to contain a carbohydrate complex in 
addition to the protein. 

The cytoplasm consists largely of bacterial proteins which appear 
to be specific in character for any given species. Within this are 
large quantities of the imcleoproteins, for on hydrolysis large 
quantities of the purine bases are obtained, A'aughan, Wlieeler 
and Leach conclude that the bacterial cytoplasm contains carbo¬ 
hydrates, uuelein bodies, and polymers of mono- and di-aniino-acids. 
They are glyconucleoproteins. Spores differ from the vegetative 
organism in that they contain but small quantities of water. 
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FOOD REQUIREMENTS. 

Food is any substance wliicli bacteria can utilize in obtaining 
either building material or energy for the cell activity. The quan¬ 
tity and quality of food necessary vary widely with the different 
species. However, all foods must contain certain essential ele¬ 
ments. Our knowledge at the present time indicates these ele¬ 
ments to be carbon, hydrogen, oxygen, phosphorus, potassium, 
nitrogen, sulphur, calcium, iron and magnesium, or, using the key 
for remembering as suggested by Dr. Hopkins, we have C. Hopk’ns 
CaFe Mg-“C. Iloplkns Rafe - - mighty good.” 

Minimum Requirements.—In considering the food used by bacteria 
a minimum and a maximum requirement must be recognized. 
These two extremes differ greatly, for although the minimum quan¬ 
tities appear inconceivably small the maximuni ones arc eiiorinoiis. 
One may obtain a fair idea of the mininiiini requirements from the 
following calculation made by Rahn: "'The quantity of organic 
and inorganic matter just sufficient to support a very weak growth 
is certainly very small, since a few species will multiply to some 
extent in ordinary distilled water. Such water, after having stood 
for some time, is found to contain several thousand bacteria per 
cubic centimeter. It may seem to the laymen that in such water 
it would be possible to detect easily the organic and inorganic matter 
of the microorganisms so that it could not be considered distilled 
water. An estimate of the weight of bacteria demonstrates, how¬ 
ever, that this is not the case. If we suppose the average bacterial 
cell to be a cylinder whose base measures 1 square; micron and 
whose height is 2 nnicrons (which is a high estimate). The volume 
of such a cell would be 1 X 1 X 2 cubic microns = 0.001 X 0.001 
X 0.002 mm. = 0.000,000,002 cu.mm. The specific gravity of 
bacteria being very nearly one, the weight of one bacterium would 
be 0.000,000,002 mg. One hundred thousand cells per cubic centi¬ 
meter means 100,000,000 cells per liter, which w^ould weight 0.2 
mg. Of this total weight, at least four-fifths is water and only one- 
fifth is solid matter. The total solid matter in 1 liter of water 
containing 100,000 bacteria ])er cubic centimeter amounts to the 
immeasurable cpiantity of 0.04 mg. Such water will pass the test 
for distilled water. IIow much food the bacteria in distilled water 
b^ve is impossible to say, besides th^ traces of miner^ils 
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in the water, they obtain some food from volatile compounds of 
the air, like carbon monoxid (CO), carbon dioxid (CO 2 ), ammoniii 
(NH3), hydrogen (H) and perhaps methane (CH4). Under all 
circumstances the amount of food used is very small U 
Maximum Eequirements.—-The maximum quantity of food whictli 
may be decomposed by bacteria is often enormous. They quicld\' 
decompose the body of an ox after its death. Tons of material 
run into the septic tanks of large cities, all of which is rapidly 
decomposed by bacteria. It is, however, usually the case that thr 
speed of the reaction is great at first, but soon slows up or comc*.^ 
■to a complete stop. This is due to the fact that the accumulation 
of end-products interferes with the growth of bacteria. This h 
true in milk where at first the lactose is rapidly changed to lactic* 
acid, which if not neutralized soon becomes concentrated enough 
to slow up the reaction. This is also true with the changes going 
on .in sauerkraut and silage. 

function of the Food.—The food utilized by bacteria has two 
functions, namely, the furnishing of energy and the acting as cellular 
building material. The quantity required by each bacterial cell 
for building material is not great, for MacNeal and his associates 
found that the dry matter of 550,000,000 cells of B. coli weigh 
only 0.1 mg. Others have estimated the weight of a single colon 
bacillus to be 0.000,000,163 mg., or it would require 1,600,000,00(1 
colon bacilli to weight approximately 1 mg. The waste products 
and repair material would make the cellular requirements slightl\* 
greater than this, but from these figures it is evident that the actual 
quantity required by a cell for building material is extremely small. 
Even this, however, is not immaterial, for Conn starting with the* 
assumption that the period of generation is a half hour makes the* 
following calculation. ^Tf we take a single bacillus measuring 
2}x in length and in breadth, with a weight of 0.000,000,001,571 
mg., it will increase, according to the aforesaid assumption, at 
such a rate that in two days’ time its progeny will amount tc# 
281,OCK),000,000, and will occupy a volume equal to about | liter 
(30.51 cu. in.); within a further three days the quantity would 
increase to a mass sufficient completely to fill the beds of all the* 
oceans of the globe.” Due to the accumulation of waste products 
they never continue to multiply long at such a rate, but the number?^ 
in suitable media often become hundreds of millions per cubic 
centimeter before retardation occurs. 

Souice of Energy.—Animals and plants require energy in their 
life activity, the former obtaining it directly from the kinetic 
energy of the sun which they store up as potential energy. 
This is liberated by the animal in the' process of oxidation. Now, 
bacteria do not possess the powers of the higher plants to utilize 
directly the energy of the sun, but, like the animals they are 
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dependent on the stoied energy of the plant and animal kingdom. 
From their method of oxidation it is necessary to recognize two 
groups of bacteria: ( 1 ) Those which completely oxidize their 
food, the carbon and hydrogen occurring in the final products as 
carbon dioxid and water; ( 2 ) those which only partly decompose 
their food, thus leaving much of the energy still within the food. 
Now the actual food requirements of the two classes of organism for 
the accomplishment of the same end, in so far as energy is con¬ 
cerned, is materially different. For instance, the complete oxida¬ 
tion of glucose to carbon dioxid and water as brought about by some 
yeasts according to the equation C 6 ni 20 r, + 6 O 2 = 6 € 0 ^ + 6 H 2 O + 
674 cal.; whereas, when only partly oxidized to alcohol it would be 
C 6 H 12 OG = 2 C 2 hl 50 II 2 CO 2 “h 22 cal. 

The energy obtained in the first case is over thirty times that 
obtained in the second, and the quantity of food decomposed would 
be relatively greater in the latter than in the former. It has been 
estimated that the lactic acid bacteria decompose their own weight 
of sugar in one hour. 

Although all organisms require the elements listed at the begin¬ 
ning of this chapter, yet the nature of the organic compound required 
varies greatly with different species. 

Moisture.—Moisture may be considered the most important 
factor of life. is little short of astounding that living matter 
with all its wonderful properties of growth, movement, memory, 
intelligence, devotion, suffering and happiness should be composed 
to the extent of from 70 to 90 per cent, of nothing more complex or 
mysterious than water. Such a fact as this is most perplexing, espe¬ 
cially when all experiments show that this water is playing a pro¬ 
foundly important part in the generation of the vital phenomena. 
Any interference with the amount normally present makes a change 
at once in the activities of the cell. In fact we might say that 
'all living matter lives in water,"' as Claude Bernard put it. For 
not only is this obviously true in the lower and simpler forms of 
animals and plants, which are little more than naked masses of 
protoplasm living in water, but it is no less true of the higher 
forms, since in all of them an internal medium, or environment, of 
a liquid nature, the lymph, the blood or sap, is found which is the 
immediate environment of the cells. Water is the largest and one 
of the most important constituents of living matter, and if organisms 
are carefully examined the most various devices are found to assure 
the regulation of the water content of the cells of the body. The 
younger, the more vigorous, the more alive, the more actively 
growing, the more impressible cells are, the more watery are they.'"' 

Water enters very largely into the composition of the bacterial 
cell, since they consist of from 70 to 95 per cent, water; moreover, 
it enters into nearly every change which they bring about. When 
5 
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bacteria decompose the carbohydrates, one or more molecules of 
water are taken up; when they synthesize, water is eliminated. 
The hydrolysis of fats requires for every molecule three of water; 
when they are synthesized from glycerin and fatty acids three 
molecules are eliminated. The digestion of the proteins by bacteria 
is usually hydrolysis in which a number of molecules of water are 
caused to enter the large protein molecule, thus causing it to break 
down into elementary diffusible foods. When the bacteria build 
their own proteins from the peptones and amino-acids, it requires 
that water be eliminated. Thus water plays an all-important part 
in all bacterial syntheses and decompositions. 

Water accelerates ox is essential in all reactions taking place in 
the cell. It has a higher inductive capacity, or dielectric constant, 
than any other liquid, except possibly hydrogen dioxid. ^Tt is a 
good insulator. It does not in itself, at ordinary temperatures, 
conduct the current readily. In Aurtue of this property it happens 
that when electrical disturbances occur in a cell they are not 
instantly compensated, so that oppositely charged particles may 
coexist in water. It is probably because of this property that 
water forms such a good ionizing medium. At any rate, this 
property may account for the undoubted fact, whatever explanation 
we may choose to give of that fact, that substances dissolved in 
water interact with greater ease and speed than when dissolved in 
any other medium. It has the property then, so important for the 
cell, of accelerating all kinds of chemical reaction. Thus hydro¬ 
gen and oxygen will not unite, except at very high temperatures, 
unless some water is present. Hydrochloric acid and sodium 
hydrate react vigorously in the presence of water, but not when they 
are quite dry. Chlorin and hydrogen do not form hydrochloric 
acid, except at very high temperatures, unless water be present, and 
everyone kimw^s that the rusting of iron does not occur unless water 
is there too. IVater has, then, this fundamental property of 
making reactions go on between bodies dissolved in it or wet by it. 
This property is believed by many to be correlated with its ionizing 
powers and with the fact that its solutions conduct electrical currents 
more than those of any other solvent.’’ 

Another very remarkable property of water is its power'of solu¬ 
tion. No other solvent surpasses it. All substances dissolve in it 
to some extent. It is a solvent for salts, carbohydrates, proteins 
and even for fats to some extent. This universal solvent power 
has not yet been fully explained, but it is probable that it is cor¬ 
related with, or due to, the extra valances on the oxygen atoms 
which are perhaps able to unite with the extra valances on the dis¬ 
solving molecules and thus to produce solution. But be the expla¬ 
nation what it may, it is well known that its solvent action con¬ 
tributes much to life. Bacteria are able to absorb their food only 
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when in solution, while in solution it reacts and after it has served 
its purpose the waste products are carried from the cell in solution. 

Osmotic Pressure.—If a cell be placed in a strong salt solution, 
there is a shrinMng of the cell which may result in plasmolysis. 
If, on the other hand, a cell be suspended in pure water the cell 
greatly increases in size and finally Wrsts. This is the case when 
any solution is separated from pure water or from a less-concen- 
tratecl solution by a membrane which to the dissolved substance is 
iinpenneahle but to the water of the solntioii permeable. The solu¬ 
tion exerts pressure on the membrane and the water passes through 
the membrane into the solution. The pressure is called osmotic 
pressure, and depends not upon the percentage of solute, but upon 
the number of particles—molecules and ions—per unit volume. The 
amount of this pressure varies i!i different cells, but for mammals 
it is supposed to be about that of a 0.9 per cent, sodium chlorid 
(NaCl) solution, since in such a solution the tissue neither gains nor 
loses weight. This is about 7.1 atmospheres. 

However, some bacteria and many molds can survive and even 
grow in salt solution which would be fatal to the life of the cell of 
higher plants. PeniciUhm and Aspergilhi^s have been known to 
thrive in solutions, the osmotic pressure of which is equivalent 
to a 20 per cent, potassium nitrate solution. Bacilhis cmihraois 
flourishes on agar containing as much as from S to 10 per cent, of 
sodium chlorid. Since tiirgidity is essential to growth, it follows 
that these organisms must have some means of altering the pressure 
of their cell contents' according to the concentration of the sur¬ 
rounding medium; only in this way can plasmolysis be avoided. 
The plasmotic membrane in the case of many bacteria is highly 
permeable; this would be the case, especially with those organisms 
which grow in brines. Even some pathogenic bacteria possess the 
power of accommodating themselves to high osmotic pressures. 
Bacillus cholerce are temporarily plasmolyzed by salt and sucrose 
solutions but not at all by a glycerin solution, the cell membrane 
being permeable to the latter. The plasmolysis produced by the 
salt and sugar disappear in the course of an hour or two as a rule, 
showing that even salt and sugar slowly penetrate the plasmotic 
membrane. 

Eind of Food Required.—The quality of the food required by 
bacteria varies greatly with the species. This is well exemplified 
in Jensen’s classification of bacteria which is based upon the sources 
of nutrition and distinguishes the following groups: 

'd. Bacteria whicli, like green plants, need neither organic 
carbon nor organic nitrogen. These so-called ' autotrophic bacteria' 
can build up both carbohydrates and proteins out of carbon dioxid 
and inorganic salts. 

'"2. Bacteria which need organic carbon compounds, l)ut can 
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dispense with organic nitrogen. These bacteria are able to synthe¬ 
size protein substances out of carbohydrates (or organic acids) and 
ammonia, nitrogen or nitrates. 

^'3. Bacteria which, like the higher animals, require both organic 
carbon and organic nitrogen compounds. These bacteria cannot 
accomplish either carbohydrate or protein synthesis out of inorganic 
substances.'’' 

Carbon.—The carbon dioxid of the air cannot be utilized by 
bacteria as a source of energy since it is already fully oxidized. 
There are, however, some organisms which possess the power of 
utilizing both carbon monoxid and methane.. On the contrary, 
the carbon of carbohydrates, fats and proteins are readily utilized 
by foacteria. The hydrocarbons of both the aliphatic and aromatic 
series are resistant to bacteria, but those compounds which contain 
oxygen in addition to the carbon and hydrogen are more readily 
attacked. Many organic acids and oxy-acids are used by some 
bacteria. Only a few bacteria can use the simpler alcohols. The 
more complex alcohols, like glycerin and mannite, are utilized 
by many. The carbohydrates are especially valuable to most 
bacteria, those containing six or twelve carbon atoms being the 
most valuable. 

Nitrogen.—-The nature of the nitrogen requirements of bacteria 
are extremely different, depending upon the .specific organism. 
Some organisms, such as the symbiotic nitrogen-fixers and the 
azofiers, are able to obtain all the nitrogen required from the 
atmosphere. The nitrosomonas obtains its nitrogen from ammonia, 
whereas the nitromonas obtain it from nitrites. The majority of 
bacteria obtain their nitrogen from peptones, proteoses, and even 
amino-acids. Rettger concludes from oft-repeated experiments on 
animal and vegetable proteins that bacteria are unable to derive 
nourishment from native proteins, and that in a medium in which 
there is no possible source of nitrogen other than the proteins 
themselves they will thrive no better than in a chemically pure, 
saline solution. When proteolytic enzymes are present the com¬ 
plex protein molecules are broken up and, at least in part, made 
available for cell nutrition. It would appear that 'ht is as essen¬ 
tial to break down complex nitrogenous food substances into their 
simple components, before they can be utilized, as it is to reduce the 
walls of an old church brick by brick before they can be made 
over into a modern schoolhouse.” The more strictly pathogenic 
organisms, as the gonococcus and the leprosy bacillus, may require 
nitrogen in the form of highly specific tissue proteins. As a rule, 
animal proteins are more readily utilized than are plant proteins. 

Hy^ogen.—Hydrogen is obtained from many organic compounds 
containing hydrogen and oxygen, such as the carbohydrates, fats 
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and proteins, bnt usually not tliose compounds which contain only 
carbon and hydrogen, such as methane and its homologues. 

Sulpknr. ““Sulphur is required by all bacteria possibly for the for¬ 
mation of the proteinaceous material of their bodies. In addition 
to this, some organisms use it as a source of energy. For instance, 
the Beggiatoa sometimes use two to four times their own weight of 
hydrogen sulphid in a day, under which conditions the sulphur grains 
may be seen in the cell-protoplasm and may be looked upon as an 
intermediate stage in the oxidation process, the reaction proceeding 
as follows: 

2rns 4- O 2 = 2 H 2 O + 2S 

2 S + 3O2 4 - 21 hO = 2H0SO4 

Some bacteria may get their required sulphur from sulphates, sul¬ 
phites or thiosulphates, bnt probably the great majority of them 
obtain it from the proteins. 

Phosphorus.—Phosphorus is used by bacteria in large quantities, 
being essential for the building of the nucleoproteins and phospho- 
proteins in which the unicellular organisms are especially rich. 
The form and quantities required by the orgauisms vary greatly 
with the species- The Azotohader are able to utilize it from most 
organic and inorganic sources, some, however, being much more 
valuable than others. 

Potassium.—Potassium is essential to the higher plants and cannot 
be replaced entirely by related substances, yet Gerlach and Vogel 
early reached the conclusion that potassium and magnesium are 
not essential to Azotohader. Their results, however, were con¬ 
sidered for a long time to be erroneous. But if these elements are 
essential to Azotohader it must be in extremely small quantities. 
Potassium does, however, favor their development and is probably 
valuable, if not essential, to all bacteria. Most inorganic potassium 
compounds can. be utilized. 

Other Inoigamc Substances.—The other inorganic constituents 
are required by bacteria only in small quantities and are obtained 
from either organic or inorganic compounds, depending upon the 
specific organism. 

OxygenReq[iiirements.—Bacteria, like all other plants and animals, 
require oxygen in their life activity. The various classes of organ¬ 
isms are not indifferent as to the form in whicli they obtain their 
oxygen. One great class requires that their oxygen be furnished 
free; to these is given the name "'aerobic.'’ Another requires their 
oxygen in the combined form; they are called "anaerobic.” Some 
organisms grow best in the presence of free oxygen but may become 
adapted to combined oxygen; these are known as '"facultative 
anaerobes.” Others grow best in the absence of free oxygen but 
may become adapted to it; they are known as "facultative aerobes.” 
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Few bacteria are true aerobes or anaerobes, but many i^radiially 
blend from one class into another, as some will withstand small 
quantities of free oxygen but not a full atmospheric pressure of it. 

■Vitamiues.—The extracts of animal organs, as well as those of 
some plant tissues, are valuable nutrient material for bacteria which 
it is as yet impossible to supply in any medium of known chemical 
composition. The composition of these more or less-unstable 
but highly nutritive substances is a matter of purest speculation. 
For want of a better name they are termed ^'vitamines” or '"^acces¬ 
sory gro^vth factors.'' These accessory bodies are moderately 
heat-stable and are soluble in alcohol and in water. They are 
rapidly absorbed from solution by filter paper, but not by glass 
wool. They increase the reaction velocity of the proteolytic metab¬ 
olism of the meningococcus and are essential to many other organ¬ 
isms. After the first or primary cultivation some organisms become 
independent of these substances. This phase of bacterial nutri¬ 
tion, which is only just beginning to receive attention, is beset by 
many difficulties. The work being done, however, gives promise 
of so clearing up the field that much that was impossible of expla¬ 
nation in the past will be readily explained. But the present 
status of the case is well summarized by Bettger when he stated: 
"We are as yet in the dark regarding the real food requirements 
of bacteria.'^ 
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E4CTERIAI. METAROLISM-RNZYMES. 

It was pointed out in the last chapter tliat bacteria require food 
for at least two purposes—building material and the liberation 
of energy. In fulfilling these functions the foods are profoundly- 
changed; at times they are broken up into comparatively simple 
products, after which they are built into the complex molecules 
composing the bacterial cell; at other times they are split and the 
energy utilized; at still other times they are completely oxidized, 
the organisms thus obtaining all the stored potential energy. The 
sum of all these changes which the food undergoes, including the 
deterioration of the cell, is called metabolism. These changes con¬ 
sist of two se])arate processes; the one—construction of new cells 
or parts of cells—is a process of synthesis and is called anabolisna. 
The other is analytical or the hreaking-down of the cell and is 
called kataholisni. Although these two processes are usually going 
on simultaneously in the cell, yet it is true that during the first few 
hours after inoculation of a culture the anabolic aspect predominates; 
later the katabolic phase predominates. That this should be the 
case can be readily seen, for the bacterial cell must be morphologi¬ 
cally complete before it can bring about its characteristic energy 
transformations, which continues until the death of the cell. 

Moreover, recent investigations have demonstrated that it is 
jiLst as true of bacteria as of animals that ^dt is as essential to 
break clown complex nitrogenous food substances into their simple 
components before tfiey can be utilized, as it is to reduce the walls 
of an old church brick by brick before they can be made over into 
a modern schoolhouse.” The development and present status of 
our knowledge of this represents one of the most interesting and 
valuable chapters of bacteriology. 

Early Theories of Fermentation.—Even as early as 1595 the great 
medical chemist, Labavius, considered fermentation a process akin 
to digestion, and von Ilelmont (1048) stated that out of the ferment 
something passes into the fermenting liquid which grows in it as 
a seed. But it was the great chemist, Liebig, who first developed 
the purely chemical explanation of fermentation. It was he who 
developed the idea of catalysis, a word already invented by 
Berzelius. Liebig compared fermentation changes to the action 
of finely divided platinum which possesses the power of bringing 
about the union of gases at low temperatures. The ferment he 
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Enzymes act by catalysis and hence are often stated to be select¬ 
ive colloidal catalysts, present in living cells and destroyed l)y 
heat/' A catalyzer is ''a substance which alters the velocity of 
a chemical reaction without undergoing any apparent physical or 
chemical change itself and without becoming a part of the product 
formed." It is a well-known fact that the speed of many chemical 
reactions is accelerated by catalyzers; for example, the inversion of 
cane sugar by acid and the numerous reactions affected by platinum. 
Negative catalysis is not as common, but the stopping of the slow 
oxidation of phosphorus in air by a trace of ether vapor may be 
taken as an example. The general characteristics of catalysts are 
admirably illustrated by Bayliss: 

“There are certain phenomena which, at first sight, might be 
confused with those of catalysis, but which must be carefully dis¬ 
tinguished from them. A mechanical model will serve to make 
this clear. If a brass weight of, say 500 grams, be placed at the 
top of an inclined plane of polished plate-glass, it will be possible 
to find a slope of the plane such that the weight will slowly slide 
down. This represents any reaction taking time to complete. 
If now the bottom of the weight be oiled (oil-catalyst) the rate of 
its fall will be greatly increased. We see, that in either case, the 
weight if placed at the top of the plane does not remain there, but 
sooner or later reaches the bottom. It may, however, be kept at 
the top by some kind of catch or trigger arrangement, in which case 
it will remain there indefinitely until the catch is released. The 
amount of energy lost by the weight in its fall, being the product 
of its weight and the vertical height from which it has fallen, is in 
no way affected by the work required to remove the obstacle pre¬ 
venting its fall, nor is the rate at which it falls when set free. A 
typical instance of such a "trigger’ action is that of supersaturated 
solutions, which remain for any length of time unchanged unless 
infected with, a crystal. It has, moreover, been shown by B. 
Moore (1893) that the rate at which the solidification of supercooled 
glacial acetic acid moves along a tube is independent of the quantity 
of crystals placed at one end to start the process. Not so with 
true catalytic action; although the work done by our sliding weight 
is in no way affected by the amount of catalyst (oil) used, the rate 
of tlie fall is, within limits, directly proportional to it, and this is a 
property of catalysts in general. 

“It cannot be expected that a rough model of this kind would 
show all of the characteristics of catalytic phenomena, but there 
are two instructive points shown by it in addition to those already 
spoken of. The first is the disappearance of the catalyst by stick¬ 
ing to the glass as the weight slides down. An analogous phe¬ 
nomenon is often met with in catalytic processes, as will be seen 
later. The second point is one of importance with regard to 
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certain enzyme actions; it consists in tlie fact that, although thc^ 
presence of the catalyst neither adds to nor subtracts from tlie 
total energy change in the reaction, the form of this energy may be 
altered. When the weight falls slowly by itself, nearly the whole 
of the energy appears as heat due to friction along the glass ])lane, 
so that the weight arrives at the bottom with very little kinetic 
energy; on the contrary, when oiled, nearly the whole of the energy 
is present in the weight at the end of its fall as kinetic energy, very 
little friction having been met with in its descent. We may notice, 
also, comparing the efl*ects of different amounts of oil, that small 
amounts produce a much more marked result than the subseciueiit 
addition of further quantities. This is also characteristic of 
enzymes, as we shall see later. 

^‘From what has been said it follows that a catalyst is merely 
capable of changing the rate of a reaction already in progress. In 
opposition to this it may reasonably be said that a reaction does 
sometimes seem to be initiated. Such a case is that of a mixture 
of oxygen and hydrogen gases caused to combine by spongy ])lati- 
num. Now there are reasons for the belief that an extremely slow 
combination is taking place at ordinary tem])eratures without 
catalysis. One thing to be considered in reference to this belief 
is the enormous acceleration of chemical reactions by rise of tem¬ 
perature, the majority being about doubled by a rise of 10® C. In 
this way a reaction liaving a velocity of 1 at if would reach om^ 
of 2 at 10®, 4 at 20° and 1 X 2'^^ = 1()24 at 100°. At the tempera¬ 
ture of 500° there is appreciable formation of water in the (!ase in 
point, and Bodenstein (1890) has shown that if the velocity at (>89° 
be represented by 163, that at 4cS2° has already sunk to 0.28; so that 
at room temperature the velocity would be (phte incapable of 
detection by chemical means, since centuries would be needed 
to produce a fraction of a milligraTii of water, drove’s gas battery 
also proves that the two gases are not in equilibrium at ordinary 
temperatures, since electrical energy is o})tained by them* slow com¬ 
bination. 

“To take another case of a reaction which j)rogresses at a slow 
rate when left to itself: When methyl acetate is mixed with wat(u* 
at ordinary temperatures it is very slowly hydrolyzed to alcohol 
and acetic acid until a certain proportion of it is decomposed, po 
that a state of equilibrium is finally arrived at. This ])rocess takes 
many days for its completion, but the time may be shortened to a 
few hours by the addition of a small amount of hydnxTloric acid. 

“The objection may be made to the former of these two examples 
that the combination of oxygen and hydrogen does not take place 
except in the presence of water vapor, which probably acts as a 
catalyst. Similarly, the hydrolysis of esters by water may be said 
to be due to the hydrion present therein. This point of view does 



TERMINOLOGY 


75 


not, Jiovverer, in reality, affcet the reasoning, since the reactions 
can be eiionnously ae(*elerate(l by other bodies, which act as addi¬ 
tional catalysts and may l)e iiivesti.«:ated indei)en(lently. It is, in 
fact, a matter of considerable difficulty to discover a slow reaction 
which is definitely known to take place in the complete absence of 
any catalyst. 

Moreover, it must not be forgotten that, as J. J. Thomson and 
others believe, a catalyst may possibly start a reaction. This is 
not, theoretically, in disagreement with the view taken by 
Ostwald. To return to our mechanical illustration, the 'friction’ 
between the weight and the glass plane may be sufficiently great 
to prevent movement altogether, until oil is applied. But the use 
of the name 'friction’ implies the idea of movement and the exist¬ 
ence of forces tending to produce it. One may indeed suppose 
that the weight actually does move for an infinitesimal distance, 
but is at once arrested by the resistance met Avith. From this 
point of view the definition of a catalyst Avould be expressed some¬ 
what thus: A substance which changes the rate of a reaction which 
is actually in progress, or which is capable of proceeding without 
any su])ply of energy from without, if certain resisting influences 
are removed. The difference betw^cen diminution of friction by 
oil and the removal of a catch is that, in the former case the action is 
continuous throughout the fall of the weight, whereas in the latter 
case the action is only momentary, at the commencement of the 
fall, on the rate of which it has no further effect.” 

Terminology.—Within recent years attempts have been made to 
systematize the terminology used in referring to enzyme action. 
The name of the substance on which the enzyme acts is called 
substrate. 

As to the names of the enzymes themseh^'.s it is customary to 
use the termination "ase” which denotes an enzyme and this 
termination should be added to the root of the word which names 
the substrate; for example, lactase is the enzyme accelerating the 
hydrolysis of lactose, sucrase of sucrose, maltasc of maltose, etc. 
I'nfortunately, in many cases old names have become so fixed that 
it is not desirable to replace them, as, for example, pepsin for the 
acid ])roteinase and trypsin for the alkali proteinase. At other 
times the enzymes are incorrectly named from the simpler substance 
in place of the more comi)lcx substrate; for example, invertase for 
the ferment wdiich inverts sucrose. 

It is the custom with nuuiy writers to s])eak of the enzymes which 
attack, say, starcli or protein, as “ amylolytic” or "proteolytic,"’ 
respectively; but Armstrong has ])ointed out that these names 
are incorrectly formed. "Amylolytic” in analogy with '‘electrolytic” 
should mean a decomposition by means of starch. To avoid this 
misuse of words he advocates the use of the termination " clastic” 
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instead of 'dytic/' giving us terms such as "'amyloclastic,” ''i)roteo- 
clastic/^ ^dipoclastic,” etc. 

Enzymes ordinarily do not occur active within the cell, but 
are present in the form of a zymogen or mother substance. This 
substance, when acted upon by a specific substance, becomes 
active and the process is termed “activation.” The agency which 
is instrumental in activating-a zymogen is termed “zymo-excitor” 
or kinase. 

Properties of Enzymes.— Enzymes are known from the reactions 
which they catalyze and they are found to follow quite definite 
laws in their reactions. Some of the more important are as follows: 

1. An enzyme does not initiate a chemical reaction but only 
alters its Wocity; nor does it appear in the final products of the 
reaction which it accelerates. We must, therefore, assume that 
substances are slowly changing and that the catalyst does nothing 
more than alter the speed of this reaction. The state of affairs is, 
therefore, similar to that of a mixture of oxygen and hydrogen 
gases catalyzed by platinum in which there is evidence that the 
combination takes place at room temperatures, although at an 
unmeasurable rate. Salicin, which is readily hydrolized by ptyalin 
and emulsin to glucose and saligenin slowly decomposes in water 
at 150° C. It would, therefore, be inferred that the process also 
takes place at room temperature. Starch solutions slowly undergo 
a spontaneous change into dextrin and sugar and solutions of 
ammonium caseinogenate increase in electrical conductivity when 
left to themselves, a change similar to that which occurs when 
they are acted upon by trypsin. Taylor has shown that an appreci¬ 
able proportion of pure sterile globulin kept in distilled water at 
ordinary temperature for eighteen months is hydrolyzed to protease 
and that leucin may be recovered from a sterile suspension of casein 
in pure water and that arginin may be recovered from a solution 
of protamin sulphate in pure water. True, the reaction is slow and 
the products have accumulated only in small quantities after the 
lapse of a year; nevertheless, it is evident that the process is slowly 
occurring in the absence of the catalyzer. 

It is likely that the ferment enters temporarily into chemical 
combination with the substance acted upon. This assumption is 
made on the ground that the sensitiveness of the enzyme often 
changes when brought in contact with the substrate and may at 
first be hard to separate. Moreover, it is definitely known that in 
some simple catalytic processes the catalyzer does temporarily 
combine with the reacting substance. This is the case in the 
manufacture of sulphuric acid, where steam, sulphur dioxid, oxygen 
and the oxids of nitrogen are introduced simultaneously into a 
large chamber when the following reactions probably occur. 

502 + N2OZ = SO3 + 2 NO 

503 + H2O = H2SO4 
2 NO + O2 » 2NO2 
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Thus it is that the oxids of nitrogen serve to convert the sulphur 
dioxid to the trioxid and in the presence of air reverts to the original 
condition and again repeats the cycle. While in the Gay-Lussac 
tower the nitrosul-sulphuric acid is formed: 

N2O3 + H2SO4 = 2NO2HOSO2 -j- H2O 
2NO2HOSO2+2H2O = 2H2SO44- N2O3 


Where there are a number of steps in a reaction, as is the case with 
the above, it is necessary, as pointed out by Ostwald, that the sum 
of all the reactions in the catalyzed system are more rapid than are 
the changes in the uncatalyzed. 

The classic illustration of an organic reaction of this type is that 
afforded by the production of ether from alcohol. In this process 
sulphuric acid is employed as catalyzer and as well known this first 
combines with alcohol with the formation of ethyl-sulphuric acid. 


HO 

\ 

C2H5OH H- SO2 

/ 

HO 

Alcohol. Sulphuric acid. 


C2HDO 

\ 

HOH + SO2 

/ 

HO 

Ethyl-sulphuric acid. 


The ethyl-sulphuric acid reacts with another molecule of alcohol 
forming ether and regenerating sulphuric acid. 


C2H6O 

\ 

SO2 + C2H6OH 

/ 

HO 

Ethyl-sulpluiric acid. Alcohol. 


HO 

\ 

SO2 + C~Hii - O 

/ 

HO 

Sulphuric acid. Ether. 


C2H6 


Similar combinations occur with the enzymes, for it is found that 
sucrase will withstand uninjured a temperature 25° C. higher in 
the presence of sucrose than in its absence. It is difficult to see 
how this could happen unless the enzyme entered into some sort of 
union with the sugar. 

Intimately connected with the subject of combination of enzyme 
with substrate is that of specificity, an example of which is seen 
in the fact that certain enzymes act only on carbohydrates, others 
on fats, and still others on proteins. The group of those trans¬ 
forming carl)ohydrates is further subdivided into specific enzymes 
eacli of which has the power of acting alone upon only one sugar. 
This property is so specific that in many cases tlie enzyme will 
act upon one optically active compound leaving the opposite optical 
isomer untouched. This led Fischer to the formulation of his 
famous simile of the 'dock and key” relationship. In this he 
considers that the enzyme and its substrate must have an inter¬ 
relation, such as the key has to the lock; otherwise, the reaction 
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does not occur. By means of this theorem it has been possible to 
foretell the structure of many complex substances and explain 
hitherto obscure points in biology. 

2. The chemical change brought about by an enzyme in infinite 
time is independent of the concentration of the enzyme, but for 
shorter periods it is clearly and usually a definite function of the 
concentration of the enzyme. This means that a small quantity 
of enz'^mie will bring about as much change as a large one, provid¬ 
ing unlimited time is given. In this regard, then, enzyme reac¬ 
tions differ from ordinary reactions in that they do not follow the 
law of mass action. This may be illustrated by the carrying of 
brick to the top of a building by men. Give one man sufficient 
time and he would be as able to transfer the whole pile to the top 
as would a group of men, but in the latter case the time occupied 
would be inversely proportional to the number of men working. 
So it is with enzymes; the intensity is almost directly proportional 
to the concentration of the enzymes. In certain instances where 
this generalization has been found not to hold, attempts have 
been made to apply the Schutz-Borissow Law—that the intensity 
of enzyme reaction is directly proportional to the scj[uare root of 
the concentration. But even this generalization does not hold, for 
there are a number of factors which tend to retard or accelerate 
enzyme adion. Chief among these which retard are (a) reversi¬ 
bility, (b) combination of enzyme wath products, (c) negative 
autocatalysis, which with the prewous factor leads to reversible 
inactivation of the enzyme, (d) destruction or similar drastic changes 
in the properties of the enzyme. Those which accelerate are as 
follows: (a) combination of the whole of the enzyme with the sub- 
stra,te when the latter is in relatively large excess, (/;) positive 
autocatalysis. 

3. Reactions which arc catalyzed by enzymes arc reversible. 
It has been conclusively shown in the case of many reactions and 
is generalized for others that where a reaction is being catalyzed by 
enzymes it is, unless the products so formed arc removed from the 
reaction medium, reversible. This is illustrated by the saponifica¬ 
tion of ethyl-butyrate by means of lipase. 

Cm 7 C’.OOC^>H 5 + H2O = CaHvC^OOH + C.Hr-OH 

Ethyl-butyrutc. Butyric iicid. Ethyl alcohol. 


Starting with a definite quantity of ethyl-})iityrate, after a time 
we find in the reacting media ethyl-butyrate, butyric acid and 
ethyl alcohol; commencing with butyric acid and ethyl alcohol, we 
obtain the same products as in the first (.*ase. This implies that the 
synthetic reactions which are going on in the cell are catalyzed by 
the same enzymes as are the analytic reactions; hence reactions 
that are catalyzed by enzymes are never complete unless the result¬ 
ing products are removed as fast as formed. 









HYDROLYTIC ENZYMES 


79 


4. Enzymes are usually characterized by great sensitiA^eness to 
comparatively low temperatures and to many poisons- This prop¬ 
erty formerly was used to determine whether or not a reaction was 
being catalyzed by an enzyme; but there are known a few cases in 
which the enzyme is not destroyed by boiling water. The great 
majority of all enzymes are, however, destroyed by a temperature 
somewhat below 100° (many even as low as 60° C. This property 
is no doubt due to the colloidal nature of the ferment which, on 
being heated, coagulates““probably much as does a protein, for it 
is Avell known that enzymes are more sensitive in the presence of 
water than in its absence. 

Althougli the addition of hydrocyanic acid or formaldehyde to 
a media in which reactions are being catalyzed by enzymes puts 
a stop to the reaction, yet the concentration necessary is usually 
greater than that which can be borne by the li\dng protoplasm. 
This makes it possible to kill the cell and still have the enzyme 
reactions going on in the medium by carefully adjusting the con¬ 
centration of the antiseptic used. 

Various methods are used in the extraction of enzymes. .Some 
readily diffuse out of the cell and may be taken up with water; 
others are extracted with glycerin or acids; in still other cases it 
is necessary to decompose completely the cells as did Buchner 
in obtaining zymase. The resulting product is then often purified 
by alcoholic or other precipitants. This drastic treatment, how¬ 
ever, often impairs the activity of the ferment. 

Classification.-— Fuhrmann has classified enzymes of bacterial 
origin into four types as follows: 

A. Schizases (hydrolytic) cleavage enzymes: 

1. Carbohydrate-splitting enzymes. 

2. Glucoside-splitting enzymes (synaptase). 

3. Fat-splitting enzymes. Lipases (esterases). 

4. Proteases, protein-splitting enzymes, pepsin, trypsin 

(lysins, coagulases). 

B. Fermentation enzymes: 

Zymase urease, lactic-acid enzyme. 

C. Oxidizing enzymes: 

Tyrosinase, acetic bacteria, oxidase, 

D. Reducing enzymes: 

Reductase. 

Hydrolytic Enzymes.— As a type of the hydrolytic enzymes, which 
act upon carbohydrates, we may take maltase wdiich converts 
maltose into dextrose according to the following equation: 

CvMnOn + mo = CoHi.Oc -f CdivYh 
Maltose. Dextrose. Dextrose. 

Maltase is an enzyme which occurs in yeast, many bacteria, and 
numerous other cells. It is of special interest inasmuch as it is 
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the first case of reversible action that was studied. Craft Hill 
found that the addition of maltase to a very concentrated solution 
of dextrose resulted in the formation of a disaccharid. This he at 
first thought was a simple reversion of dextrose into maltose, but 
later work showed that the sugar formed was an isomer of maltose. 
The essential fact, however, remained that the one enzyme possessed 
both synthetic and analytic properties. 

Emulsion is an enzyme which possesses the power of decompos¬ 
ing mandelic-nitrile-glucose into glucose, benzaldehyde, and hydro¬ 
cyanic acid. The mandelic-nitrile-glucose is obtained by the action 
of maltase upon the glucoside amygdalin. The total change 

brought about by the two ferments is indicated by the following 
equation: 

C00H-.7NO11 + 2 Hi.(J == CoHsCHO + HCN + 2 r^ 6 Hi 2 ()o 

Amygdalin. Benzaldehyde. Hydrogen cyanid. Glucose. 

Lipases act upon the neutral fats and are widely distributed in 
both plant and animal cells. They bring about a reaction which 
may be expressed by the following general reaction, where R = 
the residue of a fatty acid. 

CH2—R CH2OH 

I 1 

CH —R + 3H2O - 3 RH - 1 - CHOH 

I .1 

CH2—R CH2OH 

One molecule of neutral fat is split into three molecules of fatty 
acid and one of glycerin. This is the general reaction which occurs 
in the spoiling of butter or fat due to bacterial activity. 

Proteases, which possess the power of splitting proteins, are 
widely distributed in bacteria, as is exemplified by their gelatin- 
liquefying powers. This also is a hydrolytic reaction in which a 
number of molecules of water is caused to enter the protein molecule 
with its subsequent breaking down into proteoses, peptones, and 
finally amino-acid. Even this, as complex a reaction as it is, has 
been shown to be reversible in at least two cases. 

Zymases, which occur in the yeast cell, are endo-enzymes and 
their function is to liberate energy for the use of the cell, as is shown 
by the following table from the work of Rahn: 

ENERGY LIBERATED FROM 1 GRAM OF SUBSTANCE. 


Soluble enzymes. Endozymes. 

Pepsin, trypsin ... 0 calories Lactacidase .... 8(1 calorics 

Lipase.4 “ Alcobolase .... 120 “ 

Maltase sucrase ... 10 “ Urease. 230 


Lactase.23 “ Vinegar oxidase . . .2500 '' 

The first zymase isolated from a microorganism was that of 
urease, or the ferment which converts urea into ammonium car- 









OXIDIZING ENZYMES 


81 


bonate, and which was shown by Musculus to be present in the dead 
cells of Micrococcus ureoe which develops in putrid urine. Zymase 
was obtained by Biichner through the pressing of the ground yeast 
cells, as has been described. This same method was later applied 
to the lactic acid bacteria and the lactacidase obtained. 

Oxidmng Enzymes.—The most typical example of an oxidizing 
enzyme is the vinegar oxidase, the action of which is fairly well 
known. The reaction may be written in the simple form 

CH3CH0OH + 0 .> = CHsCOOH + H2O. 

Since, however, many side reactions may occur, the bacterial oxida¬ 
tion of alcohol is not in reality capable of so simple an expression. 

E-educing enzymes are the most common of ferments. They are 
formed by practically all plants and animals and contained by all 
but a very few bacteria, Strept. lacticiis being one of the few excep¬ 
tions. In this case the absence of the enzyme is used as a diagnostic 
test for the organism. One of the most important reductases is 
the peroxidase which reduces hydrogen peroxid to water with the 
liberation of oxygen. 

2 H 20‘2 4 - peroxidase = 2H2O O2. 

Others which reduce nitrates to nitrites of particular interest to 
students of agriculture are 

2KNO3 = 2KNO2 + O2. 

Or at times they may reduce the nitmte to elementary nitrogen: 

2 ra(N 03)2 = 2 CaO -+* 2N2 -h 502 . 

Under appropriate conditions the important element, nitrogen, 
may thus be lost from the soil by denitrification. In a similar way 
sulj)hates are reduced to hydrogen sulphid: 

H2SC).t = HoS 4- 2O2. 
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of alcohol to acetic acid. On the other hand, the products formed 
may serve as food to other microorganisms and thus be completely 
oxidized. Acetic acid, if not too strong, may be further oxidized to 
carbon dioxid and water, as sometimes occurs, resulting in a decrease 
in the strength of vinegar. 

3. Alcoholic fermentation is brought about by yeast; yet there 
are bacteria which possess the power of producing alcohol, but none 
of them are of economic value. Such organisms have been obtained 
from hay (/i. fitizianm) and sheep manure {B, ethaceticus). The 
Bad. 'pneuvumioB of Friedlander is not only a pathogenic organism, 
but also possesses the power of decomposing sugar solutions with the 
formation of ethyl alcohol and acetic acid. 

The reaction as brought about by yeast is due to the endo-enzyme, 
zymase, first isolated by Buchner. The reaction is dependent upon 
a readily available supply of phosphate, and according to Harden 
this forms an intermediate product with glucose, thus: 

I 

2CfiHl20G + 2PO4HR2 = 2CO2 + 2C2H0O + 2H2O + C 6 Hio 04 (P 04 U 2)2 

II 

C6Hio04(P04R2)2 + 2 H 2 O - CcHi206 + 2 PO 4 HR 2 

According to equation (I), two molecules of glucose are concerned 
in the change, the carbon dioxid and alcohol being equal in weight 
to one-half of the sugar used, and the hexosephosphate and water 
representing the other half. In the second equation the phosphate 
is again liberated, and the hexose presumably fermented. 
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products. The mechanism of the fermentation as outlined by 
Harden is illustrated by the reaction. 
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Succinic acid. 


Unless some base be added to neutralize the acid as formed, the 
lactose of milk is never completely converted into lactic acid because 
the accumulation of the acid is sufficient to stop most bacterial 
growth, as is seen by the fact that meat placed in buttermilk will 
keep for some time. 

Butyric -dcid.—Under certain conditions a further decomposition 
of the lactic acid may occur with the formation of butyric acid 
according to the following equation: 

2 C\Uio 03 = + 2 C.Ch -I- 2H2 

Lactic acid. Butyric acid. 

However, the butyric acid bacteria possess the power of ferment¬ 
ing sugar with the formation of butyric acid. 

CfiHriOe 4 - Oo - ClhCH^CALjCOOII + 2 C(L + 2 H2() 

Glucose. Butyric acid. 

Although the number of organisms which possess the power of 
producing butyric acid are large, they are not as numerous as those 
which possess the power of forming lacdic acid. They are usually 
anaerobic si)ore-bearers with a tendency to, form spindle-shaped 
cells, for which reason they have been given the name Clostridium, 
Many members of this group possess the power oh fixing nitrogen; 
they probably play an important part in maintaining the nitrogen 
supply of the soil. B. hotulinus, the causative agent in meat poison¬ 
ing, forms butyric acid as does also B, tetani. 

In the great majority of cases bacteria produce a number of difier- 
ent products; for instance, Azotohacter chroococcmii produces from 
the carbohydrates, ethyl alcohol, glycocoll, acetic acid, butyric acid, 
lactic acid, carbon dioxid, and hydrogen. The quantity and quality 
of the different products vary with the species and with the carbo¬ 
hydrate used- 

Bacterium 'pasteuriaymm grows in wine and cider vinegars. It 
produces a variety of products, depending upon the specific sub¬ 
stance acted upon. It produces gluconic acid CH 2 OH (CHOH) 4 ~ 
COOH from dextrose, propionic acid (C 2 H 5 COOH) from propyl 
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alcohol (C3H7OH), and acetic acid (CH3COOH) from ethyl alcohol 
(C2H5OH). _ , 

Other Acid P"ermentation.—ljx addition to the acids described 
many others have been identified among the products of carbohy¬ 
drate fermentation. Many molds, especially, possess the power of 
fermenting dextrose with the formation of citric acid, the general 
reaction being as follows: 

CH 2 COOH 

/ 

2C6H12O6 + 2O2 = 2 HOC—COOH + 2H2O 

\ 

CH 2 COOH 

Dextrose. Citric acid. 


Patents have been taken out on this method and attempts made 
to produce citric acid on a commercial scale, but so far without any 
great success. 

Oxalic acid is also produced by certain molds in sugar solutions 
and where care has been taken to neutralize the acid so formed 
one-half the calculated theoretical yield has been obtained from 
cane sugar. Formic (H COOH) and valeric acids (('iHuCOOH) 
are also produced by some microbrganisms. 

Oxidation of Organic Acids.—The organic acids formed in the 
various processes of carbohydrate fermentation are often further 
oxidized by bacteria, yeasts, or molds to simpler products. Ordi¬ 
narily the process consists of a complete oxidation. This may be the 
case in sauerkraut, ensilage, pickles, etc. Thus Oldiwii lactis destroys 
the lactic acid of sour milk with the formation of carbon dioxid 
and water. 

CsHeOa + 3 O 2 ’= 3 CO 2 + 3 H 2 O, 

At times the spoiling of pickles is due to the oxidation of the acetic 
acid by yeasts which grow in a thin white scum over the surface. 

Fats.—A comparatively few microorganisms attack fat. When 
they do the decomposition of the fat is comparatively simple. One 
molecule of the neutral fat is split with the formation of one mole¬ 
cule of glycerin and three of fatty acids. 


H2COOC--CifiH8i 

1 

H 2 COH 


H GOOC—Ci6H3i + 3 H 2 O 

1 

H COH 

+ aCisHsi—COOH 

1 

H 2 COOC-—CifiHai 

II 2 COH 


Neutral fab. 

Glycerin, 

Fatty acid. 


The glycerin is readily used by the microorganism, whereas the 
fatty acids are but very slowly oxidized and that by only a few 
species. 

Products from Nitrogenous Compounds.—Proteins are complex 
organic substances composed of carbon, hydrogen, oxygen, nitrogen. 
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and generally, but not always, sulphur, and soinetiines phosphorus. 
The proportion of these constituents is approximately oO-hr) 
per cent.; H, 6-7.3 per cent.; O, 19-24 per cent.; N, 15-19 per cent. 
S, when present, 0.3-2.5 per cent.; and P, 0.4-0.S per cent. They are 
substances which in the main consist of combinations of amino- 
acids or their derivatives. The decomposition products of proteins 
include proteoses, peptones, peptides, carbon dioxid, ammonia, 
hydrogen suli)hid and amino-acids. The amino-acids constitute a 
long list of important substances which contain nuclei belonging 
either to the aliphatic, carbocylic, or heterocyclic series. The 
present list includes glycocoll (glycin) alanin, serin, phenylalanin, 
tyrosein, cystin, tryptophan, histidin, valin, argin, leucin, isoleucin, 
lysin, as23artic acid, glutamic acid, prolin, oxyprolin, and norleucin. 

Many, especially of the saprophytic bacteria which occur in 
the soil, have the power of breaking down native proteins with the 
formation of the various amino-acids. Undoubtedly the complex 
organic compounds which are being isolated from the soil, and 
which are assumed by some to play such an important part in soil 
fertility, have just such an origin. But it is usually the case in all 
media that the l)acterial catabolism carry the substance much farther 
than the amino-acid. The extent of this change varies greatly with 
the species of microorganisms and the conditions under which they 
are acting. Kendall summarizes some of the further changes which 
may occur as follows: 

1 . The reductive deaminization of amino-acids to fatty acids with 
the same number of carbon atoms. 

11CH2CHNH2COOH 4 - H2 KCH2CH2COOH 4 mh 


2 . Hydrolytic deaminization of amino-acids to oxyacids with the 
same number of carbon atoms. 

R—CH2—C!HNH2—COOH + H2O = + SlU 

3. Oxidative deaminization of amino-acids to keto-acids with the 
same number of carbon atoms. 


R—CUI2—CHNH2—OOOH + 0 ‘> = R—CII‘r—CK)---('()(){I 4 NH:; 

The above reactions may be taken as types of the last stages of 
the reactions brought about by the ammonifying bacteria within 
the soil. 

4. Carboxylic decomposition of amino-acid to amine with one 
less carbon atom., 


R—CHa—CH—NH2—COOH = R—CH2—CH2—-NH2 4 CO2 

5. Carboxylic decomposition with the formation of fatty acids. 

R—CHr-CH2—COOH = R—CHsr-CHs -4 CO2 




rR.ODUCTS FROM NITROGENOUS COMPOUNDS 


i). Carboxylic dcH^omposition with the formation of a fatty acid 
with one less carbon atom. 


K-™CH-.-™C’II,COOH + 30 = II—CnO—COOH + COo + H2O 


Some of tliese changes are often produced either within food or in 
the alimentary canal and are of considerable clinical significance. 
The most important of these are indol, skatol and the amins, the 
simplest of which is trimethylamin. 

Indol and s/catol are substances produced in the intestinal tract 
from tryptophan chiefly by B. coli and B. proieus. They are also 
formed in putrifying proteins and it is to indol and skatol that putri- 
fying substances owe their intensely disagreeable odor. Indol 
gives a rose color with nitrites in acid solution and this is used as a 
method of identifying certain bacteria. The tryptophan is deam¬ 
inized with the formation of indol propionic acid. This is oxidized 
to indol-acetic acid. From this latter there is split off acetic acid 
with the formation of indol. The reactions are as follows; 


/ 


CH 


C- 


C-CH-. 

II I 

CH CH—NH. 

I 

COOH 


HC 

I II 

HC c; 

\ /\ / 

C N 
H H 

Tryptophan. 

CH 

/ \ 

Hc; c— c-CH2 

I II II I 

HC; (J CH CH2 

\ /\ / I 

C N COOH 

H H 

Indol-propionic acid. 

CH 

/ \ 

l-xr; c—-C—CH2 


tk; c; 

\ /\ / 

CH NH 

Indol-acetic acid. 


CH COOH 


CH 



\ 


Hr; 

( : —_ 

-CH 

1 

II 

II 

nr: 

r; 

CH 


/\ 

/ 


CH NH 
Indol. 


Often the bacteria split out carbon dioxid from the indol-acetic 
acid with the formation of skatol: 

CH CH 

/ \ Z' \ 

HC C-—C-CH 2 HC C-™-c^—cm 

I II II I - I II II 

HC C CH COOH HC C C:n 

\ /\ / \ /\ / 

CH NH CHI NH 

Indol-acetic acid. Skatol. 
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These substances when formed in the intestinal tract arc absorbed 
and carried to the liver where they are conjugated with the formation 
of indican which is then eliminated by the kidneys. The stages 
through which indol passes in forming indican are as follows: 


II 

H 

c 

G 

/ \ 

/ \ 

HC C CH 

HC C-COH 

1 II II + 0 

~-> 1 II II + 

HC C CH 

HC C CH 

\ /\ / 

\ / \ / 

CH NH 

G NH 


H 

Indol. 

Indoxyl. 

H 

H 

C 

C O-SOaK 

/ \ 

/' \ / 

HC C CO SOiiH 

HC C -(’ 

H2SO4 1 II II + 

KOH 1 II II 

HC C CH 

HC C ('—H 

\ /\. / 

% /\ / 

C NH 

C NH 

H 

H 

Indoxyl sulphuric acid. 

Indican. 


^mi7?^.-~~The simplest member of this series is metliylamin 
(CH3NH2) which is produced in small quantities in the decomposi¬ 
tion of nitrogenous organic matter. It occurs in herring brine along 
with dimethylamin (CH 3 ) 2 NH and trimethylamin (CH 3 ) 3 N. When 
alinin is acted upon by the carboxylase the carboxyl group of the 
amino-acid is split off with the formation of ethylamin according to 
the following reaction: 

CH3CHNH2COOH - (m 3 (;H 2 NH 2 + CO2 

Alanin. Ethyl amin. 


Others of special interest which may be due to bacterial activity 
are: 

1 . Cadaverin from lysin: 

GH2-“CH2CH2~'CHr~~-CH~COOH (JH2—CH2CH2CH2CH2 


NHo NH2 

Lysin. 

2 . Putrescin from ornithin: 

CH2—•CH2--CH2—CH-™~CX)OH 

I I 

NH2 NH2 

Ornithin. 


NH2 NH2 + CO2 

Cadaverin. 


( nr-.—cuLr-r iir-cih 
I I + 

Nil'. Nllu 

Putrescin. 


3. Beta-imidazole ethylamin from histidin: 



NHs^ 
N ^ 


CH 


H- 


-Nm 


CH 


CH2 

1 

CHNH2 

I 

COOH 

Histidin. 


CH2 -f- CO2 

I 

CH2NH2 

Betarimidazolc ethyl-amin. 
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Vaughan considers that beta-imidazole-ethylamin is the active 
principle of the protein molecule. .Some of these amins are strong 
stimulants of the heart or vasodilators. It is quite likely that their 
liberation by bacterial activity in the intestinal tract and their 
subsequent absorption may result in severe constitutional symptoms. 
These compounds belong to a group of substances called ^^ptomains.^' 
They are alkaloid-like bodies of basic character and of more or less 
well-known structure. Some of them are harmless, while others are 
apparently violent poisons. It is interesting to note that in the 
majority of cases the poisonous properties decrease or at times 
entirely disappear as purification proceeds thus indicating that the 
poisonous principle in some cases at least is an impurity associated 
with them. Their production is not limited to any one special class 
of bacteria, for Zinsser defines ptomains as ''poisons elaborated 
by all bacteria that are capable of producing protein cleavage, if 
planted on suitable nutrient materials under conditions favoring 
growth. The matrix of these poisons is the protein nutriment; they 
are not products of intracellular metabolism specifically characteris¬ 
tic of the bacteria which produce them.'' 

Bacterial toxins, jn contradistinction to the ptomains, are specific 
bacterial poisons which are characteristic of each individual species 
of bacteria and are truly the products of bacterial metabolism in 
that they emanate from the cell itself either as a secretion or excre¬ 
tion during cell life, or as an inherent element of the cytoplasm 
liberated after death. 

Enzymes which are true products of bacterial metabolism have 
been considered in detail in the preceding chapter. 

Urea, uric acid, and hippuric acid are the forms in which the 
waste nitrogen is excreted by the higher animals. There are a 
great number of organisms occurring widely distributed which 
possess the power of changing urea into ammonium carbonate. 
This is a simple hydrolysis. 


NHo 


NH4O 


\ 

CO + 2H2O 

/ 


\ 

CO 


/ 


NH2 NH40 

Uric acid can be changed in several ways by bacteria, that is, it 
may be hydrolyzed with the formation of dialuric acid and urea. 


HN—c;—0 


HN—CO 

NH*. 

1 1 


1 1 

\ 

= C C—NHv, 

+ 2H20 

OC CHOH 

+ « 

1 II 

>c = 0 

1 1 

/ 

HN—C—NH-^ 


f 

0 

C 

NH2 

Uric acid. 


Dialuric acid. 

Urea. 


On oxidation uric acid yields various substances, alloxan, urea, 
oxalic acid, carbonic acid, tartronic acid, allantoinic and uroxanic 
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acid. If uric* acid is given to man the greater portion ot * 
ably destroyed by bacteria in the alimentary tract, but tl ^ 
kidneys of some animals secrete a uric acid-destroying 
uricolytic enzyme, called iiricase. It is presumably tb^ 
formation of such an enzyme that bacteria are able to ^ ^ ^ 
uric acid. 

Hippuric acid is hydrol^^zed by certain bacteria with ^ * 
tion of benzoic acid and glycocolL 

O C^OOH 


C—C—NH—C TI~COOII 


+ ('HiiNlI' 


Hc cm 

\ / 
c 

H 

Hippuric acid. 


HC cm 

\ / 

H 

Benzoic acid. 


The glycocoll may then be deaminized with the form 
ammonia and acetic acid. Many extremely complex tra 
tions of organic substances occur in the soil, clue to 
activity. In this medium many of the changes considc*r< 
occur. These have been summarized diagrammatical 
carbohydrates, proteins, oils, and waxes by Russell. 

Carbohydrates; 

Proteins. cellulose. ^-> Oils. 


y Amino-acids. 1 1 

NHa I Other compounds. 

i Hydroxy acids- “Humus.” 

CJaseous Nitrites. j 

N. I Calcium salts, 0 

Nitrates. ] 


Calcium 
,, salts. 


Products from mineral compounds may be either ox i 
reduced by bacteria. Some of the important oxidations 
oxidation of ammonia to nitrites, and these in turn to nit n 


Nlh 4 - 30 

HNO 2 4- O 


HNO;. + ir-.o 
}lN(h 


These changes are of especial interest to the student of 
are brought about by the nitrosomonas and nitromonas, r(*s|. 

Ferrous salts may be oxidized to ferric, while sulfur 
oxidized to sulphuric acid. 

S + so -4 H2O = H2SO.1 

The important reduction reactions are the ones whicdi 
denitrification wherein the nitrate is changed to nitrite. 


Ca(N03)2 


Ca(N02)-> 4- O 2 
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Or the nitrate may be eompletely reduced with the liberation of 
gaseous nitrogen, thus completely removing it from the soil. 

2 C'ii(NO;02 = 2 CaO + 2N2 + 50 -. 

Sulphates may in a similar manner be reduced to hydrogen sulphid. 

= H2S + 2O2 

Hence, water containing calcium sulphate if shut off from air may 
give rise to that ill-smelling gas, hydrogen sulphid. 

Pifpne7its,'~~-M.SLny bacteria produce pigments, among which are 
practically all the colors of the spectrum—violet, indigo blue (B. 
violaceiiSj B. jarithmus, B. cijanogenes, B. pyocijaneus) , green {B, 
fluorescens) , yellow {Staphylococcus aureus, Sarcina lutea), orange 
{Sarcina aurantlaca), and red {B. yrodigiosus). Usually oxygen is 
essential to tlie production of pigments and their intensity varies, 
depending upon the media upon which the organism is grown. 

The phenomenon of pigment production has long attracted the 
attention of bacteriologists, and many attempts have been made to 
explain their occurrence; but so far none of the explanations would 
seem to be wholly satisfactory. The p>ignient seems to be of no 
material advantage to the organism, for colorless strains may be 
cultivated which possess all of the properties of the original strain 
with the exception of pigment production. There is no evidence 
that they protect the organism against light, nor is there anything 
that wmild lead to the belief that (analogous to hemoglobin) they 
form a loose combination with the oxygen which under certain 
circumstances may be liberated. The pigment does not make it 
possible for the organisms to assimilate carbon dioxid as does the 
chlorophyll of the higher plants in the majority of cases. The best 
evidence, therefore, points to the conclusion that they are mere 
by-products that have no particular meaning to the organism. 

Beijerinck divides chromogenic bacteria into three classes: 

1. Chro7n.opJioTovs bacteria, in which the pigment remains within 
the cell and has a certain biological significance analogous to the 
chlorophyll of higher plants. To this class belong the green bacteria 
and the red sulphur bacteria, or purple bacteria. 

2. CliT 07 noparous, or true pig7nG7it-foTmmg bacteria, which set free 
the pigment as a useless excretion, either as a color-body or as a 
leuco-body which becomes colored through the action of atmospheric 
oxygen. The cells themselves are colorless and may under certain 
conditions cease to produce pigments. To this class belong B. 
yrodigiosv^ and others. 

3. Parachrorne bacteria which form their pigment as an excretory 
product but retain it within their body, as B. jarithwvs and others. 

The chemical nature of pigments is not well understood, but it is 
known that they differ in solubility and are usually classified 
according to solubility in water, alcohol, chloroform, ether, benzol, 
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and other solvents. The pigment produced by Azotohacter chrod- 
coccimi is insoluble in all of these solvents but dissolves in alkalies 
undergoing decomposition with the formation of a dark brown 
solution. 

Heat.—Probably all bacteria liberate energy as heat in their 
metabolic process and there are a number which liberate it in suffi¬ 
cient amount perceptibly to change the temperature of the media 
in which they grow. This is exemplified in the heating of fermenting 
silage, manure, and hay. At times the temperature is raised to the 
kindling point with the result that spontaneous combustion may 
occur in hay and grain stacks. Bacteria generate considerable of 
the heat, but other chemical processes are also active. 



Fig. 14.—Photogenic bacteria colonies on a plate photographed by means of their 
own light. (Lafar.) (Buchanan’s Household Bacteriology.) 


Light.—Sometimes one sees on the surface of decaying wood, 
fish, or various meats a bright illuminated surface which at times 
may be sufficient for the photographing of objects in an otherwise 
dark room. This is due to the growth of certain light-producing 
bacteria. Other organisms produce a beautiful phosphorescence. 
The organisms producing light are especially prone to occur in >salin(5 
waters and are invariably aerobes. 
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CHAPTER IX. 


INFLUENCE OF TEMPERATURE AND LIGHT ON 
BACTERIA. 

Temperature influences life phenomena in two ways—chemi¬ 
cally and physically. Chemically, heat influences powerfully the 
reacting velocity within the cell and the aggregate condition of the 
molecules, or coagulation. Physically, temperature influences the 
viscosity of the liquids composing the cell. 

Temperature and Speed of Reaction.—According to the law of 
Van’t Hoff and Arrhenius, a chemical reaction is increased two or 
more times its original speed whenever the temperature is increased 
10 ° C. This holds good for the reactions in living organisms, within 
certain limits of temperature, as well as for non-living, as may be 
seen from the following table given by Clausen in which is recorded 
the number of milligrams of carbon dioxid produced by 100 grams 
of lupine seeds in one hour: 



Carbon dioxid 

IncrcaBc 

Temperature, 

produced. 

lor 10= C. 

0° 

7.27 


5 

13.87 


10 

18.11 

10.84 

15 

34.37 


20 

43.55 

25.44 

25 

58.76 


30 

85.00 

41.45 

35 

100.00 


40 

115.90 

30.90 

45 

104.45 


50 

46.20 

69.70 

55 

17.70 



The above table shows that for temperatures below 40° C. there 
is a general increase in the speed of the reactions with increases in 
temperature. However, at higher temperatures the amount of 
carbon dioxid diminishes rapidly with further increase in tempera¬ 
ture. This is very generally observed in enzymatic processes, as at 
temperatures over 60° C. enzymes are rapidly decomposed and 
many become immediately inactive when they are heated up to 
63° to 65° C. This may be due to the fact that the enzymes them¬ 
selves undergo hydrolysis which also would follow the temperature 
law of VanT Hoff and Arrhenius. Furthermore, enzymes are prob¬ 
ably protein and would undergo heat coagulation. This would 
reduce the reacting <^yeas l)^t¥een enzymes and fermentable sub- 
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increase in number near the freezing-point. Some bacteria of this 
t\pe probably play important roles in soil fertility and in the decay 
of foods in cold storage. 

3. Meso 2 )Jiilic bacteria are those whose optimum temperature is 
between these two extremes. They comprise the great group of 
pathogenic organisms occurring in the bodies of men and animals. 
To this class also belong many of the decay and putrefying organisms 
found in the soil. All of the more important bacteria belong to 
this group. 

Three temperature limits may be distinguished for bacterial 
growth: (a) Mmivium, the lowest temperature at which bacterial 
growth will occur. This for the true thermophiles is about 40° C., 
for some pathogenic 29° C., and for the mesophilic as low as 0° C., 
or in solutions which do not solidify it may be even lower than this. 
(b) Optimv.vi, that of most luxuriant growth. This, like the minimum 
temperature, varies greatly with the species, (c) Maximum, the 
highest temperature at which growth and multiplication can take 
place. This may be a few or many degrees above the optimum. 
For the thermophilic it may be as high as 89° C., whereas for the 
pathogenic bacteria it lies between 40° and 50° C. The growth of 
some pathogenic organisms at a high temperature for some time 
causes them to lose their virulence or disease-producing power, and 
is, therefore, made use of in the preparation of vaccines. 

The temperature relations are seen from the following table 
reported by Fischer: 



Temperature. 


Species. 


Minimum. 

Optimum. 

Maximum. 

P.sychr()X)liiIic bacteria . 

0 

15-20 

30 

Many water bacteria. 

Mesophilic bacteria . 

15-25 

37 

43 

Pathogenic bacteria 
and others. 

Thormoxjliilic bacteria . 

i 

i 

25-45 

50-55 

85 

Spore-bearing bac¬ 

teria from soil, feces 
and thermal springs. 


The growth temperature range of an organism is the number of 
degrees difference between the minimum and maximum. This is 
very small with some bacteria like the gonococcus, the pneumococcus, 
the tubercle bacillus, and others which are highly susceptible to 
temperature changes and have the power of growing only within 
limits varying but a few degrees from the optimum. How^ever, 
most pathogenic bacteria may grow at temperatures ranging 
betw'‘een 20° C. and 40° C. Others, like the colon bacilli group, the 
Bacillus anthracis, and the Spirillum cholerce asiaticoCj may develop 
at temperatures as low as 10° C. and as high as 40° C. or over. The 
7 
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range of temperature at which saprophytic bacteria, including soil 
organisms, may develop is usually a far wider one. These points 
are well illustrated by the following table taken from Fischer: 



Temperature. 

Difference between Mini¬ 
mum and maximum. 

Minimum. 

Optimum. 

Maximum. 

B. phospliorescens . 

9 

20 

38 

29 

B. fluorescens 

5 

20-25 

38 

33 

B. sub tills .... 

6 

30 

50 

44 

B. anthracis .... 

12 

37 

45 

33 

Vibrio choleras 

10 

37 

40 

30 

B. diphtherias 

18 

33-37 

45 

27 

Mic. gonorrheas ... 

25 

37 

39 

14 

Bact. tuberculosis 

30 

37 

42 

12 

B. thermophilis ... 

40 

60 

80 

40 


The fatal temperature may be even somewhat higher than this. 
It will vary with a number of factors, the condition of the organism 
playing a great part. For instance, Duclaux found that certain 
bacilli (Tyrothrix) found in cheese are killed in one minute at a 
temperature of from 80° to 90° C., whereas for the spores of the same 
bacillus a temperature of from 105° C. to 120° C. was required. 

Duclaux considers it erroneus to speak of a definite temperature 
as a fatal one; instead he considers it better to speak of it as deadly. 
This is due to the fact that the length of time an organism is exposed 
td a high temperature is important. This is illustrated by the experi¬ 
ments of Christen on the spores of the bacilli of the soil and of hay. 
The spores were exposed to a stream of steam and the time noted 
which was necessary to kill the spores at the various temperatures. 


Temperature. 

100 ° 

105-110 

115 

125-lSO 

135 

140 


Time reqired to kill spores, 
over 16 hours. 

2 to 4 hours. 

30 to 60 minutes. 

5 minutes or more. 

1 to 5 minutes. 

1 minute. 


Moist heat is much more effective as a germicide than is dry 
heat. The probable explanation of this is that where dry heat is 
applied it must be high enough to decompose the organic constit¬ 
uents of the cell, the proteinaceous substance being in the form of 
the anhydride which can, in the presence of moisture, take up water 
according to the following equation: 

HN—R—-COH—N—RCC) + H.O - H 2 N—RCOH—N--™R—(J(J(jn 
I_1 


Two or more molecules of this hydrated protein would then con¬ 
dense with the formation of the non-reversible gel. 

2 H 2 NRCOHNRCOOH == H 2 N-—R—COH—N—R COH—N—H COH NR— 
COHNR—COOH +H 2 O 
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That moisture is essential for coagulation of proteins is illustrated 
by the following table from the work of Hiss and Zinsser: 

Effg albumen in dilute aqueous solution coaj^lates at 56° C. 

“ witli 25 per cent, water coagulates at 74°™80° C. 

<< 18 c. 80°-"90°0. 

a a a g a a a 145° C. 

Absolute anhydrous albumin, according to Haas, may be heated 
to 170*^ C. without coagulation. 

Moreover, moist heat is much more penetrating than is dry heat. 
This is illustrated by an experiment carried out by Koch and his 
associates. Small packages of garden soil were wrapped with vary¬ 
ing thicknesses of linen with thermometers so placed that the tem¬ 
perature under a definite number of layers could be determined. 
These were exposed to hot air and steam for four and three hours, 
respectively, with the following results: 




Time of 
application. 

Temperatures reached within thicknesses of liiuuj. 


Temperatures. 

20 thick¬ 
nesses. 

40 thick¬ 
nesses. 

100 thicknesses. 

Hot air 

i3o°~-i4o° a. 

4 hours 

86 ° 

72° 

Below Incomplete 

70° stcriliiiation 

Steam . 

90°--]05.3° C. 

3 hours 

101 ° 

101 ° i 

j 

101.5° Complete 

sterilization 


The comparatively low specific density of the steam enables it to 
displace the air from the interior of materials. Furthermore, when 
the steam comes in contact with the substance to be sterilized it 
condenses with a liberation of heat. This in the case of water vapor 
amounts to 53G.6 calories. 

Although the spores of certain bacteria of the soil can withstand 
live steam for several hours, they may be destroyed in a few minutes 
or even instantaneously in compressed steam ranging in temperature 
from 120° to 140° C. 

The germicidal action of the great majority of disinfectants is 
due to a chemical reaction taldng place between the protoplasm of 
the bacterial cell and the germicide. This reaction follows the 
temperature law of VanT Hofi* and Arrhenius. Hence, the mere 
raising of the temperature a few degrees of a sugar, salt, acid or 
alkali solution makes of it a disinfectant. 

Thermal Death Point—The thermal death point of an organism 
is the lowest temperature that will certainly destroy it under definite 
conditions. These conditions are time (which is generally taken as 
ten minutes), amount of moisture present, the reaction and com¬ 
position of the medium in which the organism is heated^ and the 
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presence or absence of spores. The thermal death point of bacteria 
varies with the specific character of the organism (some organisms 
being much more resistant to heat than are others) and the age of 
the culture, young cultures being more resistant than older cultures 
which have not formed spores, especially when heated in the prod¬ 
ucts resulting from their metabolism. 

Cold.—It has been shown that the criterion for death is the non¬ 
reversibility of the change brought about by the agency in question. 
Now, does the lowering of the temperature bring about irreversible 
changes in the protoplasm as does the raising of the temperature? 
It is known that even intense cold does not cause these irreversible 
reactions in proteins. Where death does occur in cold-blooded 
animals and in plants, it must be due to the formation of ice crystals . 
in the cells which may mechanically injure and kill them. This 
seems to be the case in the freezing of plants. Another irreversible 
change is connected with the thawing of the cells which have been 
frozen. Barring these two secondary and mechanical complications, 
the lowering of the temperatures does not seem to bring about 
irreversible changes in the condition of the protoplasm which arc 
incompatible with life. 

When the temperature of the protoplasm becomes sufficiently 
low, for example, approximately 0° C., the velocity of the chemical 
reaction becomes so small that the manifestations of life cease. The 
same is the case where the water content is sufficiently decreased. 
This is the reason why seeds of higher plants and spores of bacteria 
can be kept alive so long. Lack of water may reduce the reaction 
velocity of the hydrolytic processes in these at ordinary tempera¬ 
ture to such an extent that it may become practically zero. So 
resistant are bacteria to low temperature that they may be frozen 
solid and kept in this condition for days and even weeks, and many 
survive. Many bacteria, including the typhoid and colon bacilli, 
will survive freezing for twenty-four hours in liquid hydrogen 
(—252° C.) and develop vigorously when brought into suitable 
media at an optimum temperature. Bacteria do not lose their 
virulence when exposed to low temperatures, as is the case when 
exposed to comparatively high temperatures. There is, however, 
a tendency for the number of organisms gradually to decrease as 
they are kept in the frozen condition. When typhoid bacilli are 
frozen in water, approximately 90 per cent, of them die during the 
first week, 95 per cent, succumb by the end of four weeks; but from 
four to six mouths’ continuous freezing is required to kill all of the 
organisms. The speed with which bacteria disappear from a frozen 
medium varies greatly mth the nature of the medium. It is very 
slow in colloidal substances and much faster in crystalloids. Alter¬ 
nate freezing and thawing in colloids is much less disastrous to 
bacteria than the same treatment in aqueous solutions. It is prob- 
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able that tlie crystals formed in the frcezijio* of water play a great 
part ill the mechanical injuring of tlie bacteria. The freezing of the 
soil increases not only the number of bacteria within it, but the 
ammonifying and nitrogen-fixing powers of the soil. Whether or 
not this will vary with the water content of the soil has not A^et been 
answered, but it is likely that as the moisture content increased 
the greater would be the injurious influence of the low temperatures- 
Light.—That light greatly affects the metabolism of the living 
cell is well known. However, bacteria are even more sensitive to 
light than are most cells. Diffused daylight exerts a hindering eff*ect 



Fig. 15. —Thickly sown plate culture of typhus bacilli on agar-agar. Covered 
with paper letters and exposed to the sun’s rays for one and a half hours, then kept 
twenty-four hours in the dark, whereupon development of thickly congregated 
whitish colonies was found only at the parts covered by letters, (After H. Buchner.) 


upon bacterial growth and metabolism, whereas direct sunlight is 
highly injurious to certain bacteria, many microorganisms being 
killed almost instantly when exxiosed to the full action of the sun’s 
rays. The different colors of the spectrum do not act alike. The 
longer rays, from red to green, are jiractically without influence 
upon bacteria, but the blue and violet rays have the most marked 
germicidal power. 

Since light has no effect upon bacteria in a vacuum, it has been 
inferred that the changes brought about in the bacterial cell are 
primarily oxidation changes which are incomx^atible with the life 
of the cell. This reaction is brought about more rapidly in those 
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cells wliicli contaiii <*(aisi<l«‘ral)lr faf, and fhi,: iitay |h‘ fhr r«ai * * 
why sonic s])orcs which confain an nil;, iii> taio*r arc 
sensitive'to liglit. l>c*ath of the coll in maii\ oa r, nia\’ he dm- t ♦ * 
ty])(‘. of coagulation like lical t-oatrulaf inn, tor Ike, j|.jh shown f f ^ • 
protein solutions in c{nai1 \'c, «*l , arc roagiilaff*t| hv oxp«>surr t 
ultra-violent light. This con,'i.'4 of two ;4a;.:o first* that of * 

turation, and second, aggliitinafion, or flocculafit m. 


CHAPTER X. 


EFFECT OF OTHER AGENTS ON BACTERIA. 

Eadium Rays.— Fernan and Pauli have shown that the exposure 
of proteins (serum albumin) in acid or alkali solution to radium 
radiations causes their coagulation. It is well known that the expos¬ 
ure of living tissue to these rays cause their destruction, and attempts 
have been made to treat certain bacterial diseases by their use, but 
so far without any great degree of success. The sterilization of milk 
and other foods by this method has been suggested, but its practical 
application appears to be improbable on account of the cost and 
uncertainty of the results. 

The fixation of elementary nitrogen by A. chroococcum is dis¬ 
tinctly increased when the air is activated by pitchblend, somewhat 
better results being obtained with weak than with stronger radio¬ 
active intensity. Attempts have been made to force higher plants 
by its use, but so far without any practical success. 

Rdntgen Rays.— Although rontgen rays are used in the treatment 
of microbial diseases of the scalp and skin, it has been conclusively 
shown that they are not even inhibitory, let alone fatal to the cells. 
This is seen from the results by Zeit, who found that bouillon 
and hydrocell-fluid cultures in test-tubes of non-resistant forms of 
bacteria was not killed rontgen rays after forty-eight hours' ex¬ 
posure at a distance of 20 ^mm. from the tube. Tubercular sputum 
exposed to these rays for six hours at a distance of 20 mm. from the 
tube caused acute miliary tuberculosis of guinea-pigs inoculated 
with it. The hopes that were entertained of being able to disinfect 
the diseased body by this means have not been realized. The clinical 
results which are sometimes obtained must be explained by factors 
other than their direct germicidal influence, possibly by the pro¬ 
duction of ozone, hypochlorous acid, extensive necrosis of the deeper 
layers of the skin and phagocytosis. 

Electricity.— The influence of electricity itself upon micro¬ 
organisms is probably very slight, but it is often difficult nicely 
to differentiate between purely electrical effects and chemical 
changes which are* produced in the media by the electric current. 
A direct current passing through a nutrient medium will cause 
electrolysis which is usually manifest by the generation of acid on 
the positive electrode and alkali on the negative. The passing of 
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ail electric* current through a sodium chlorid solution brings about 
an extremely' complex change, as indicated in the following ec|iiations: 

2Naa = 2Na + Ch 

2Na + 2HOH = 2NaOH + H 2 

4C1 + 2HOH = 4HC1 -f O 2 

2NaOH -f 2C1 = NaClO -f NaCl + H 2 O 

SNaClO = NaClOs -f 2NaCl 

Many of the products so formed, if in sufScient concentration, are 
good germicides and would be, therefore, the agents causing death 
instead of the electricity doing it. Moreover, the passing of an 
alternate current through a medium may heat it sufficiently to kill 
many bacteria. When the solution is properly cooled the action 
of the current is practically zero. 

Zeit, who has made a very careful study of the effect of electricity 
upon bacteria, summarizes his findings as follows: 

'^1. A continuous current of 260 to 320 milliamperes passed 
through bouillon cultures kills bacteria of low thermal death points 
in ten minutes by the production of heat —98.5° C. The anti¬ 
septics produced by electrolysis during this time are not sufficient 
to prevent growth of even non-spore-bearing bacteria. The effect 
is a purely physical one. 

''2. A continuous current of 48 milliamperes passed through 
bouillon cultures for from two to three hours does not kill even 
non-resistant forms of bacteria. The temperature produced by such 
a current does not rise above 37° C. and the electrolytic products 
are antiseptic but not germicidal. 

''3. A continuous current of 100 milliamperes passed through 
bouillon cultures for seventy-five minutes kills all non-resistant 
forms of bacteria even if the temperatui'e is artificially kept below 
37° C. The eft'ect is due to the formation of germicidal electrolytic 
products in the culture. Anthrax spores are killed in two hours. 
Subtilis spores were still alive after the current was passed for three 
hours. 

''4. A continuous current passed through bouillon cultures of 
bacteria produces a strong acid reaction at the posithx^ pole, due 
to the liberation of chlorin which combines with oxygen to form 
hypochlorous acid. The strongly alkaline reaction of the bouillon 
culture at the negative pole is due to the formation of sodium 
hydroxid and the liberation of hydrogen in gas bubbles. With a 
current of 100 milliamperes for two hours it required 8.82 mg. of 
sulphuric acid to neutralize 1 c.c. of the culture fluid at the negative 
pole, and all the most resistant forms of bacteria were destroyed 
at the positive pole, including anthrax and subtilis spores. At the 
negative pole anthrax spores were killed also, but subtilis spores 
remained alive for four hours. 
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‘'5. The ('ontiimous eurreiit alone, by means of DuBois-llay- 
luond’s method of non-polarizing electrodes and exclusion of chemi¬ 
cal effects by ions in Kruger’s sense, is neither bactericidal not anti¬ 
septic. The apparent antiseptic effect on suspensions of bacteria 
is due to electric osmose. The continuous electric current has no 
bactericidal nor antiseptic properties, but can destroy bacteria 
only by its physical effects™heat—or chemical effects—the produc¬ 
tion of bactericidal substances by electrolysis. 

'' 6. A magnetic field, either with a helix of wire or between the 
poles of a powerful electromagnet has no antiseptic or bactericidal 
effects whatever. 

“7. Alternating currents of a three-inch Ruhmkorff coil passed 
through bouillon cultures for ten hours favor growth and pigment 
production. 

''8. High frequency, high potential currents—Tesla currents— 
have neither antiseptic nor bactericidal properties when passed 
around a bacterial suspension within a solenoid. When exposed to 
the brush discharges, ozone is produced and kills the bacteria.” 

The electric current is used in the purification of sewage, the 
sterilization of milk, the improvement of wines, and the purification 
of water. In all of these cases the effect is due to a chemical pro¬ 
duced by the electricity. The purification of water is due to the 
ozone formed, which in turn acts as an oxidizing agent toward the 
bacteria. Although expensive, it is one of the most effective means 
of rendering water safe. 

Drying.—The results which have been reported on the influence 
of drying upon bacteria are exceedingly divergent. This is due 
mainly to the fact that the influence exerted by drying varies with 
a number of factors, chief among which are: 

1. Light—Bacteria that are killed in a few minutes in direct 
sunlight may live for weeks in a dark place or even in diffused 
light. 

2. O.tygeii.—Banli and his associates consider death through 
drying as due to an oxidation process. They found that bacteria 
die much faster in pure oxygen than in air. Moreover, they found 
that the number of bacteria dying in unit time under constant C(m- 
ditions is proportional to the number surviving, therefore, (‘om- 
parable with the simplest chemical processes, the monomolecular 
reactions. 

3. Thickness and Nature of the Medium in Which They Are 
Dried.—In a dried medium bacteria usually die quickly but may 
survive long in sputum or feces. Moreover, bacteria susi)endcd in 
the extract from a rich clay loam before being subjected to desicca¬ 
tion in sand live longer than if subjected to desiccation after sus¬ 
pensions in a physiological salt solution. 

4. The More Complete the Drying the Shorter the Alternate 

drying and moistening is unfavorable. 
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5. The Higher the Temperahire the Sooner the Bacteria Perish .— 
Death due to drying is probably in some cases due to a non-reversible 
reaction which follows the well-known temperature law of Van't 
Hoff and Arrhenius. In other cases it is undoubtedly due to the 
increased osmotic pressure produced by the removal of the moisture. 

6. Old cultures, unless they be spore bearers, succumb sooner to 
drying than do young cultures. 

7. The influence of drying upon bacteria varies greatly with the 
species. Whereas the gonococcus, pneumococcus, spirochete of 
syphilis, cholera spirilla, and Pfeiffer bacillus can withstand drying 
only a few hours, the typhoid, diphtheria, and tubercle bacilli may 
survive days; and tetanus, anthrax, and many soil organisms may 
survive drying for months or even years. Ammonifying, nitrifying, 
and nitrogen-fixing bacteria have been isolated in great numbers 
from soils which have been kept in tight bottles air-dry for more than 
fifty years. Even the non-spore-forming types of Azotobacter will' 
withstand desiccation over sulphuric acid for a considerable time. 

Osmotic Pressure.—Bacteria vary greatly in their ability to with¬ 
stand great osmotic changes. Some are qpickly plasmolyzed in 
solutions having low osmotic pressure, whereas others can grow in 
strong sugar or salt solutions. This factor plays a great part in the 
preserving of fruits by means of sugar, of pickles and cabbage by 
means of salt, and many fruits by drying. Those fruits which have 
the highest carbohydrate content, such as grapes and primes, are 
especially easy to preserve by drying. 



Fig. 16. —Plasmolysis of various bacterial cells. (Buchanan’s Household 
Bacteriology.) 


Probably the great osmotic pressure in the soil solution of alkali 
soils plays a great part in retarding the bacterial activity of these 
soils. In this case, however, there is also a physiological factor in 
which the living protoplasm of the cell is so changed in its chemical 
and physical properties that it cannot function normally. It is 
found that equivalent osmotic concentrations of sodium and potas¬ 
sium salts act very differently upon some bacteria. 

Pressure.—Bridgman found that the application of very great 
hydrostatic pressure resulted in the coagulation of white of egg. 
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lie applied the pressure very slowly to avoid any rise in temperature 
due to the compression. That the effect is not due to heat is further 
demonstrated by the fact that it is more easily obtained at 0° C. 
than at 20"^ C. The application of five thousand atmospheres pro¬ 
duces stiffening of the white of egg; six thousand atmospheres 
applied, for thirty minutes, produced an appearance of the white 
resembling that of curdled milk; and seven thousand atmospheres’ 
pressure brought about complete gelatination. 

These facts seem to indicate that high pressure is fatal to many 
bacteria. Experiments have shown this to be the case. B. anthracis, 
B. pseudodijphtherioe, M, pyogenes, var. aureus, and O'idium lactis 
survived after being subjected to a pressure of 2000 atmospheres for 
ninety-six hours. The pigment production and virulence of patho¬ 
genic organisms were either diminished or completely lost after such 
treatment. 

Successful attempts have been made to preserve fruit and vege¬ 
tables by exposing them to high pressure. Apple juice subjected 
to 4000 to 6000 atmospheres’ pressure for thirty minutes did not 
later develop gas. Peaches and pears exposed to this pressure did 
not spoil for five years. Those vegetables on which are found resist¬ 
ant spores could not be preserved by such pressures. It therefore 
appears that pressure high enough for the coagulation of the proteins 
is fatal to the less resistant bacteria. 

The power of resisting and actually functioning under high 
pressure is especially necessary for the denitrifying bacteria which 
live at the bottom of the ocean and return to the atmosphere the 
thousands of tons of combined nitrogen which is carried each year 
to the ocean from the soil and in the sewers. 

Shaking.—It is well known that proteins may be coagulated by 
shaking and that proteolytic enzymes undergo important modifica¬ 
tions under the influence of shaking. An active solution of proteo¬ 
lytic enzyme introduced into a reaction tube and agitated for two 
minutes may lose as much as 75 per cent, of its activity. After five 
minutes the disappearance is almost total. The effect of shaking 
varies with the speed, temperature, and reaction of the medium in 
which the ferment is placed. This phenomenon is known to be due 
to a coagulation or absorption of the substance, and it is quite 
possible that part of the influence exerted by shaking upon bacteria 
is due to this factor. It is known, however, that bacteria may be 
broken into the finest particles by the rapid shaking of cultures 
causing death at times by a disintegration of the cell body. 
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EFFECT OF CHEMICALS ON BACTERIA. 

Chemotaxis.—It has been repeatedly demonstrated that bacteria, 
like other free-moving organisms, are apparently attracted by cer¬ 
tain chemical substances in solution (positive chemotaxis), and 
repelled by others (negative chemotaxis). 

Pfeiffer, who was the first to study this phenomenon, developed a 
very simple and efScient method of studying it with bacteria. A 
capillary tube, sealed at one end and from 5 to 10 mm. long, is 
filled with a 5 per cent, slightly alkaline solution of Liebig’s beef 
extract or of peptone. The outer surface of the glass is carefully 
cleaned from any traces of the bouillon and is placed in a drop of 
water containing bacteria. In a few seconds the bacteria are found 
to thickly congregate around the open end of the capillary tube. 
According to the view held by Jennings, the swarming of bacteria 
around any point, where favorable nutrient conditions exist is not to 
be looked upon as due to a definite attraction exerted upon the 
bacterial cell, but as caused simply by the tendency to remain at 
those points where the conditions are favorable. But this does not 
seem to be the true explanation, for had the capillary tube been 
filled with sugar, or glycerin, which are the best foodstuffs and richest 
sources of energy, there would have been no such gathering of the 
the bacteria at the end of the tube. Moreover, a solution of 0.019 
per cent, potassium chlorid plus 0.01 per cent, mercuric chlorid 
attracts bacteria by reason of the potassium which it contains, but 
they rush into the tube only to meet their death from the mercury 
salt. 

The explanation given by Loeb seems to be more reasonable: 

Theoretically, we may assume that if substances diffuse in air or 
in water, the particles move in a straight line away from the center 
of diffusion. If they strike an organism whose surface is affected 
by the diffusing substance on one side only, the contractile proto¬ 
plasm, or the muscles, turning the tip or the head of the whole 
organism toward that side, are thrown into a different state of con¬ 
traction from their antagonists. The consequence is a turning or 
binding of the tip of the head until symmetrical points of the chem¬ 
ically sensitive surface of the body are struck by the line of dif¬ 
fusion (or the diffusing particles) at the same angle. As soon as 
this occurs the contractile elements on both sides of the organ or 
organisms are in an equal state of contraction, and the animal will 
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bend or move in the direction of the lines of diffusion/^ Why one 
substance should act positive and another negative is at present 
quite inexplicable. 

Chemotaxis can take place only in media which permit free 
movement and its sphere of action is comparatively small. Different 
kinds of bacteria by no means react in the same way to the same 
substance. Furthermore, the action, whether positive or negative, 
chemotaxis or neutral, varies with the chemical. The salts of potas¬ 
sium are among the more active positive chemotactic substances, 
followed by sodium and rubidium. The alkaline earths are less 
effective. The influence of a salt is attributed mainly to its electro¬ 
positive constituent; asparagin and peptone are strongly chemo¬ 
tactic, whereas sugar and glycerin are inactive. 

Negative chemotaxis is noted when capillar\' tubes are filled 
with free acids and alkalies or with alcohol. In some salts the action 
of the acid radical and that of the base neutralize each other 
(ammonium carbonate and monobasic potassium phosphate). In 
this case the bacteria are neither attracted nor repelled by the sub¬ 
stance. 



Fig. 17.—Oxyf^en-loviiiji; bacteria iiifesliiiff a Ibrcaid of al^a in the micro- 

spectrum. The chlorophyll jiiraniilcs contained in t.lu' al^^a cells are not shown, hut 
the spectrum lines arc mven to denote the position of the speetj-um. Ma^^. 200. (Aft.er 
Engelmann.) 


Engelmann ingeniously made use of this phenomenon as a test 
for oxygen and the effect exerted upon assimilation by the different 
parts of the solar spectrum. If a thread of alga‘ and some aerobic 
bacteria are placed under an air-tight cover-glass, the bacteria are 
active; but if the preparation is kept in the dark the a,(;tiou of the 
bacteria will cease, showing that all the ox.ygeii lias been consumed. 
If brought back to the light as the algje assimilate carbon dioxid 
with the elimination of oxygen the bacteria again become active. 
If exposed to the spectrum the greatest aggregation of bacteria 
occurs at the red end of the spectrum, indicating that the maximum 
assimilative activity of the algm protoplasm is proceeding at this 
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point. By means of this highly sensitive test as little as one-billionth 
part of a milligram of oxygen may be detected. 

It is quite possible that the phagocytes which play such a part 
in freeing the body of bacteria are directed or guided in their choice 
and perception by chemotaxis to the bodies which they ingest. 
The attraction of leukocytes toward the point of bacterial invasion 
is, in part at least, due to the properties of the bacterial proteins. 
This attraction is sometimes increased by injecting into the tissues 
at the point of infection some bland substance, such for instance as 
bismuth subnitrate. 

Disinfectants.—Of great interest are those substances which in 
minute quantities destroy the life of the cell. These substances 
when considered in their effects upon man and animals are called 
poisons. But when considered from the standpoint of micro¬ 
organisms they are called germicides. Analogous with the general 
term germicide, are the terms bactericide and fungicide. A disin¬ 
fectant is a substance which destroys the causative agent of infec¬ 
tion. Although disinfection may occasionally mean sterilization, in 
the majority of cases it does not. It implies the destruction of those 
minute forms of life which cause disease. 

Antiseptics prevent decomposition and decay. They do not 
necessarily destroy microorganisms; they prevent their growth and 
activity. One and the same substance may be a disinfectant under 
one condition and an antiseptic under another. Formalin in the 
proportion of 1 to 50,000 is an antiseptic, whereas it requires from 
3 to 10 per cent, solution to be a disinfectant in a reasonably short 
time. Mercuric bichlorid in the proportion of 1 to 300,000 will 
sometimes prevent the germination of anthrax spores. Yet it 
requires a 1 to 1000 solution to kill them. 

The term preservative is usually applied to those substances 
which are added to foods, feeding-stuff, and substances of similar 
origin with the intention of preventing decomposition or decay. 
These may be either comparatively poisonous—benzoic acid, boric 
acid, salicylic acid, formalin, or sulphates—or the non-poisonous 
substances—common salt or sugar. The method of action of the 
two is markedly different, the first combining with the protoplasm 
of the cell, the second acting through increased osmotic pressure. 

Deodorants are substances which have the power of destroying 
or masking unpleasant odors arising from putrifying or fermenting 
organic matter. Deodorants destroy odors, disinfectants destroy 
germs. A deodorant may or may not be a disinfectant. Formalin 
is a good disinfectant and deodorant, whereas charcoal is a good 
deodorant but has no value as a disinfectant. 

classification of disinfectants is difficult, inasmuch as we do 
\derstand in many cases their complete mode of action, 
^er, almost any compound, if used in sufficient concentration, 
zt as au antiseptic if pot as a disinfectant, The methods 
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most often used in classification are according to either composition 
or mode of action. The simplest method is by chemical structures 
and qualities under which are distinguished the following natural 
groups: acids, alkalies, metallic salts, hydrocarbons, alcohols, 
aldehyds, anesthetics, essential oils, and oxidizing and reducing 
agents. The first three—acids, alkalies, and salts—are distinguished 
from the rest by being electrolytes. The strength of acids and alka¬ 
lies is dependent upon the hydrogen or hydroxyl ion concentration 
with the metallic salt; the action is dependent upon the nature of 
the metallic ion and the degree of electrolytic dissociation. 

Rosenau classified disinfectants according to mode of action as 
follows: (1) Those compounds which destroy by oxidation, as ozone, 
chlorinated lime, potassium permanganate, and the halogens. 
(2) The destruction by ionic poison with coagulation, as the metallic 
salts, mercury, and lead salts. (3) Destruction by coagulation and 
poisoning not ionic in character, as carbolic acid and its derivatives. 
(4) Destruction by emulsoid action, that is, through Brownian 
movement and adsorption; soap solutions and creolin. 

Latvs Governing the Action of Diswfectants.—These have been 
mainly worked out by Chick who found that disinfection is an 
orderly time-process, which may be considered analogous with a 
chemical reaction, viz., a reaction between the bacterium on the 
one hand and the disinfectant on the other. In the ideal case disin¬ 


fection proceeds in accordance with some rule analogous to the mass 
law, so that if the disinfectant is present in large excess, disinfection 
rate at any moment is proportional to the concentration of bacteria 


(- 


dn 

dt 


= Kn, where 7i is the concentration of bacteria at the time t, 


and K is a constant, dei)ending on the temperature concentration 
of disinfectant, etc.). 


The velocity of disinfection increases with rise in temperature in 
an orderly manner according to the well-known equation of Arrhe¬ 
nius. Some idea of the magnitude of the elfect of temperature may 
be gained from the fact that with metallic salts the mean velocity 
of disinfection increases two- to four-fold for a rise in temperature 
of 10° C., whereas with phenol it was as high as eight-fold, using 
B, paratyphosus as the test organism in each case. Hence, the use 
of a disinfectant at a comparatively high temperature, other things 
being equal, is more effective than its use at a low temperature. In 
reality, a solution which, at one temperature is only an antisei)tic 
may become a disinfectant by a small increase in temperature. 

The efficiency of a disinfectant varies with the moisture. A dry 
poison has but slight action on microorganisms. For this reason, 
dry formaldehyde gas is practically without effect. In a similar 
manner absolute alcohol has not nearly the same germicidal power 
as has 50 to 70 per cent, alcohol. This is probably due to the 
absolute alcohol coagulating the outer membrane of the organism 
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and thus prevents the poison from diffusing into the vital part. 
The brnming of sulphur in a dry atmosphere has little if any effect 
upon bacteria, but in the presence of moisture there is formed 
sulphurous acid which is a rather efficient disinfectant. 

The germicidal property of salts of the heavy metals, acids, and 
alkalies is governed in a large measure by the degree of ionizationo 
Mercuric chlorid in water is a good disinfectant, but in alcohol has 
little or practically no germicidal properties. The addition of sodium 
chlorid to mercuric chlorid increases the solubility of the latter and 
yet decreases its germicidal power. This is due to the fact that there 
is formed a double salt: 

2NaCn + = NaoHgCU., 

^ + _ -j- 

This is poorly dissociated by steps into Na +■ NallgCIt, Na + 
— — +-f — 

HgCb, Hg + 4C1. The number of Hg ions formed is A^ery small, 
therefore, in the presence of sodium chlorid. 

As a general rule the addition of a common negative ion decreases 
the number of ions of the metal going into solution. If mercuric^ 
chlorid is shaken with water, the salt dissolves until there is an 
equilibrium between the solid phase and the undissociated molecules 
in solution. As the molecules dissociate, the equilibrium is dis¬ 
turbed and more of the solid dissolves to restore it, until a second 
equilibrium is established between the ions and the molecules. 
These equilibria may be expressed by the equation 


[W' ] X [Ci'r 
[HgClo] 


a coustaat; 


since the concentration of the undissociated molecules is constant. 
So long as there is any undissoh^ed salt, the equation becomes 


Hg X Cl = a constant. 

If we add NaCl, the Cl will increase the concentration of the (-1 
ions which will combine with the Hg, giving HgCb, which will 
crystallize out. Moreover, in this case the NaCl combines with the 
IlgCb giving the Na 2 HgCl 4 which greatly decreases the Hg ions in 
solution. The effect of this on the disinfecting power of different 
dissociated salts of mercury on anthrax spores is indicated in the 
following from Paul and Kronig: 


Salt. 

Concentration. 

Colonies after 20 
minutes’ exposure. 

Colonies after 85 
minutes’ exposure. 

Colonies after 90 
minutes’ exposure. 

Hgcn, . 

1/64 mol. 

7 

0 

0 

HgBrs 

1/G4 mol. 

34 

0 

0 

HgCii2 

1/lC mol. 

0 

33 

0 

Kmgcu . 

1/16 mol. 



0 

K2HgBr4 . 

1/16 mol. 



5 

KsHgU . 

1/16 mol. 



389 

K2HgCn4 . 

1/16 mol. 



1035 
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The power of a disinfectant to kill bacteria is dependent in a 
remarkable degree upon the nature of the medium in which bacteria 
are present when the germicide is applied. Almost invariably the 
greatest germicidal activity is shown when the substance acts upon 
the bacteria freed from all contaminating culture media and sus¬ 
pended in distilled water or salt solution. The presence of proteins, 
peptones, and similar substances usually cause a great reduction in 
the germicidal powers of the substance. This is also the case iii the 
presence of pus, many of the organisms being partly digested in 
the body of dead leukocytes. This property is illustrated by the 
following table reported by Dakin and Dunham. The — sign 
indicates sterilization as indicated by negative subcultures, and the 
+ sign incomplete sterilization. 


Antiseptic. 


Phenol . . . . 

Salicylic acid 
Hydrogen perioxid . 
lodin . . . . 

Mercuric chlorid 
Silver nitrate 
Sodium hypochlorite 
Chloi*aniiri T 


Staphylococci in water. 


1:250- 
1:500 + 
1:2,500- 
1:5,000 + 
1:3,500- 
1 : 8,000 + 
1 : 100 , 000 - 
1 : 1 , 000,000 + 
1:5,000,000- 
1 : 10 , 000,000 + 
1 : 1 , 000 , 000 - 
1 : 10 , 000,000 + 
1: 500,000- 

1 : 1 , 000,000 + 
1: 500,000- 

1 : 1 , 000,000 + 


I Staphylococci in 50 per 
cent, horse serum. 


1:50- 
1:100 + 
1 : 100 - 
1:250 + 
1:1,700- 
1 : 2,000 + 
1 : 1 , 000 - 
1:2,500 + 
1:25,000- 
1:50,000 + 
1 : 10 , 000 - 
1:25,000 + 
1:1,500- 
1 : 2,000 + 
1 : 2 , 000 - 
1:3,000 + 


This decreased efficiency in the presence of a protein is variously 
explained. In the case of such disinfectants as phenol and the dye¬ 
stuffs, it is frequently stated that the disinfectant is ''quenched’’ 
or "fixed” by the protein medium, Adsorption in some cases may 
play a part, but in the case of salts of the heavy metals, they com¬ 
bine with the protein giving an insoluble non-ionizing proteinatc. 
The low germicidal action shown by most antiseptics against pus 
is due in part no doubt to the mechanical difficulties of penetrating 
the mucoid particles in the pus. 

Young cultures of bacteria are usually more resistant than are 
older cultures. This is especially true when the disinfectant is 
applied to cultures living in the products resulting from their 
metabolism. Cultures, the organisms of which form spores, become 
more resistant to disinfectants as the spore stage is reached. 

Emulsions as a rule have greater germicidal power than have 
solutions. According to Chick and Martin, emulsions or soapy 
8 
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Or it may be that the extra bonds of the nitrogen in the imino 
group is utilized: 


R 

I 

H~~C—NH 2 

1 

C = O -f CI 2 

I 

NH 

I 

H—C—C(30H 
R 


R 


H—C—NH 2 

I 

c = o 
l/H 
Nf-CU 

|\ci 

H—C—COOH 


R 


according to this explanation hypochlorous acid may react without 
decomposing into chlorin: 

R R 

H—o—NIR H—C—mh 


C = 0 . + HOCl 

I 

NH 

I 

H—C—COOH 


C = O 

I /H 

N~-H 
1 \0—Cl 
H—C—COOH 


R 


R 


In any case the chemical and physical properties of the protoplasm 
would be so changed as to be incompatible with the life processes of 
the microbrganisms. 

Compounds containing the group—NCi—belong to the class of 
chloramins. Their chlorin is still active and they are themselves 
active germicides. Such compounds have been studied thoroughly 
by Dakin who used them extensively in the disinfecting of wounds 
in the great European war of 1914--18. 

Chlorinated lime, or bleaching powder, may be taken as a type 
of the chlorin disinfectants. Its precise chemical composition is 
not known although calcium oxychlorid (CaOCb) is now generally 
accepted as being the essential agent of dry bleaching powder and 
calcium hypochlorite (Ca(OCl) 2 ) to be the active germicide of the 
solution. Although the reactions which occur are quite complicated, 
it is certain that the active substances are nascent oxygen, chlorin, 
and hypochlorous acid, and are probably formed as follows: 


2CaOCl2 

= Ca(OCl )2 

+ 

CaCla 



Ca(OCl )2 

+ H 2 CO 3 

= 

CaCOs 


2HOC1 

2HOC1 

= 2HC1 

+ 

O 2 



2HOC:i 

= H 2 O 

+ 

(^2 

4- 

0 


The substance is extensively used in the disinfection of sewage, 
outhouses, cellars, and for miscellaneous purposes. Since 1908 it 
has been used rather extensively in water purification. In practice 
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from 5 to 12 or more pounds of bleaching powder is used to each 
million gallons of water. It cannot be detected by the sense of taste 
provided the amount does not exceed 25 pounds to 1,000,000 gallons. 
Waters containing considerable organic material of any kind give 
rise to amins, chloramins, and other compounds with unpleasant 
flavors. The method, however, is cheap, reliable, efficient, harmless, 
and easy of application. 

Formaldehyd is one of the best volatile antiseptics. If used in 
sufficient concentration and under proper conditions it can be 
depended upon for surface disinfection. Although more penetrating 
than sulphur dioxid, it is not sufficient to depend upon in deep layers 
of cloth and similar bodies. It does not rot nor bleach fabric nor 
tarnish metal as does sulphur dioxid. Moreover, formaldehyd 
unites with nitrogenous substances forming new chemical compounds 
which are both sterile and odorless. It is, therefore, good both as a 
germicide and as a disinfectant. 

Although there are numerous methods of using, one of the best 
is that recommended by the Pennsylvania Department of Public 
Health: 


Sodium dichromate.10 oz. 

Formalin.16 oz. 

Commercial sulphuric acid.Ij' oz. 


The sulphuric acid is added to the formalin and the mixture poured 
over the crystals of sodium dichromate causing immediate liberation 
of formaldehyd gas. Five hundred c.c. of formalin and 250 gm. of 
sodium dichromate should be used for each thousand cubic feet of air. 
The floor should be protected against the heat by placing the bucket 
upon a brick or other suitable device. 

Sulplmr Dioxid.—Sulphur dioxid is not very efficient as a germicide; 
it is, however, an effective insecticide. It is also good to use against 
diseases spread by rats, mice, flies, fleas, mosquitoes, etc. 

Its action as a germicide depends upon the presence of moisture. 
The dry gas is practically inert against bacteria. It cannot be 
depended upon where penetration is required, its action being merely 
upon the surface. It does not kill spores. Moreover, it is a bleaching 
agent and tarnishes metals. In sterilization by means of sulphur, 
time is an important factor. The things to be disinfected should 
be exposed for eight hours to an atmosphere of at least 4 per cent, 
by volumes of sulphur dioxid gas in the presence of water. This 
requires the burning of 4 to 5 pounds of sulphur for every 1000 cubic 
feet of air space. About one-fifth of a pound of water should be 
volatilized for every pound of sulphur used. 

One method of using it follows: The required quantity of sulphur 
is placed in a pan which is put into a second larger pan containing 
water. The sulphur is made into little craters and liberally soaked 
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with alcohol. It is well to place the generator on a table or box as 
sulphur dioxid is heavier than air and hence tends to sink and would, 
therefore, extinguish the flame if placed on the floor. 

Hydrocyanic acid gas is an extremely powerful insecticide, but 
a poor germicide. It is used rather extensively against mosquitoes, 
lice, bedbugs, and roaches, but on account of its highly poisonous 
nature it must be used with extreme caution. It is effective against 
bacteria no hardier than those of diphtheria and typhoid, but it 
cannot be depended upon as a general disinfectant. 

Mercuric chlorid is one of the best known and .most effective of 
the metallic salt disinfectants. A solution of 1 to 1000 is ample 
for the destruction of all non-spore-bearing bacteria, provided it 
comes in direct contact with the organisms for some time. It is 
especially valuable for disinfecting the hands and for washing floors, 
woodwork, and furniture. It attacks metals and hence cannot be 
used to disinfect them; it is rendered inactive by protein substances; 
it acts on bacteria by a coagulation of the protoplasm. 

Its germicidal value as usually given is too high. This is due to 
the fact that it may inhibit the growth of bacteria and in the planting 
of the cultures the metallic salt is carried over into the new medium, 
there preventing growth but not necessarily killing the organism. 
The explanation of this is given by Miss Chick who found that if 
bacteria are subjected to the action of 1:1000, 1:10,000, or even 
weaker solutions of mercuric chlorid, there is an interval during 
which some at least of them may be resuscitated by the timely 
administration of an antidote—in this case a sulphid solution. If, 
however, this antidotal treatment is not employed, no amount of 
subsequent dilution beyond the limits of inhibition can prevent the 
death of the organism. 
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was added enough arsenic in the form of zinc arsenite to make 100 
grams of arsenic. These were carefully mixed and allowed to stand 
for some time, after which an examination was made for soluble 
arsenic. The analysis revealed the fact that 14 per cent, of the lead 
arsenate, 30 per cent, of the zinc arsenite, and over SO per cent, of 
the Paris green were in the water-soluble form. 

x4rsenic being in the soil, some soluble and some insoluble, very 
naturally suggests the question as to what effect it has upon the 
bacteria of the soil. Any factor which influences the bacterial 
acti\dties must indirectly influence the crop yield. 

Extensive studies have been made on the influence of various 
arsenic compounds upon the bacterial flora of the soil with the result, 
that arsenic was found to be a stimulant in low concentration and 
toxic only in larger'qiiantities. The extent of stimulation and toxic¬ 
ity varies greatly with the specific type of organisTii and the form 
in which the arsenic is applied. 

Ammomfiers.—Experiments on ammonifiers show that this class 
of bacteria are not at first poisoned by the arsenic, but their speed 
of action is increased. The actual results showed that whereas the 
untreated soil produced in unit time 100 parts of ammonia, soil to 
which 60 pounds of arsenic an acre was applied produced 103 parts 
of ammonia in the same length of time. And it was not until 2500 
pounds of arsenic an acre was applied to the soil that the production 
of ammonia was reduced to one-half. The Paris green, on the other 
hand, retarded the action of this class of bacteria even in the lowest 
concentration added, and by the time 600 pounds an acre had been 
applied the ammonia i)rodiiced in unit time had been reduced to 
one-half normal. This poisonous action of arsenic on bacteria is in a 
direct relationship to its solubility. An extremely large quantity 
of lead arsenate would have to be applied to a soil before it would 
interfere with ammonification. 

Nitrification.—The nitrifying flora of a soil are more rcvsistant and 
are stimulated to a greater extent by arsenic than are the ammoni¬ 
fiers. Tests made in soil have shown that whereas untreated soil 
produced 100 parts of nitrates in unit time, the same soil to which 
had been added arsenic in the form of lead arsenate at the rate of 
120 pounds an acre produced 178 parts of nitrates. In other words, 
in place of being injured by the arsenic, the bacteria were nearly 
twice as active in the presence of this quantity of arsenic as they 
were in its total absence. It was not until more than 700 pounds 
of arsenic, in the form of lead arsenate, an acre, had been applied 
to the soil that the bacterial activity fell back to 100. Even when 
arsenic in the form of lead arsenate was applied at the rate of 3500 
pounds an acre there was 68 per cent, as much ammonia produced 
as in the untreated soil. The Paris green gave similar results. The 
untreated soil produced 100 parts of nitrates in given time, while 
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similar soil to which arsenic in the form of Paris green was added 
produced, under the same condition, 129 parts of nitrates. When, 
however, higher concentrations of arsenic in the form of Paris 
green were added it became toxic, and eventually stopped all 
bacterial activity; but the quantity added had to be so large that 
it is not likely that suflScient would ever occur under agricultural 
practice. 

Arsenic, then, does not injure the ammonifying or nitrifying 
organisms of the soil. But how about the other beneficial bacteria 
of the soil? What effect has it upon them? 

Nitrogen Fixation.—There are 75,000,000 pounds of atmospheric 
nitrogen resting upon every acre of land, but none of the higher 
plants have the power of taking this directly from the air. Cert-ain 
bacteria, however, can live in connection with the legumes and 
assist them to take nitrogen from the air. Then there is another 
set of nitrogen-gathering organisms which live free in the soil, and 
which may, under ideal conditions, gather appreciable quantities 
of nitrogen. It is rather possible that much of the benefit derived 
from the summer fallowing of land is due to the growth of this class 
of organisms in the soil and storage by them of nitrogen for future 
generations of plants. In such soils they are both more active and 
are also found in greater numbers. All the work put on soil to 
render it more porous reacts beneficially upon these organisms. 
They not only require atmospheric nitrogen and oxygen, which are 
absolutely essential to their life activities, but they must obtain 
them from within the soil, for the minute organisms cannot live 
upon the surface of the soil because to them the direct rays of the 
sun means death. How does arsenic influence this class of organisms 
which are so beneficial to the soil, but which are so much more 
sensitive to adverse conditions than are the other kinds of bacteria? 
Arsenic in the form of lead arsenate, zinc arsenite, and arsenic 
trisulphid stimulate these bacteria. When arsenic in the form of lead 
arsenate was applied to the soil at the' rate of 500 pounds an acre, 
the nitrogen-fixing organism gathered twice as much nitrogen in 
unit time as it did in the absence of arsenic. The Paris green, 
however, is poisonous to this group of organisms in the minutest 
quantities. This is most likely due to the copper rather than to the 
arsenic in the compound. 

How Does the Arsenic Act?—It may, therefore, be concluded that 
arsenic stimulates all the beneficial bacteria. But how does it act? 
Will it stimulate for a short time and then allow the organism 
to drop back to its original or to a lower level as does alcohol and 
various stimulants when given to animals? Will it act as does 
caffeine—continue to stimulate? From the results on men and 
horses the former might be expected, for although the arsenic eaters 
of India and Hungary maintain that the eating of arsenic increases 
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their endurance, and there is considerable evidence to indicate this, 
it is only for a short time. If the use be discontinued the arsenic 
eaters cannot endure as much physical exertion as can others who 
are not addicted to the drug. Many European horse dealers place 
small quantities of arsenic in the daily corn given to the horse, for 
they find it improves the coat of the horse. If a horse, however, has 
been doped on arsenic for a long time it seems necessary to continue 
the practice; otherwise, the animal rapidly ‘doses his condition.’' 

Similar results might be expected with the bacteria, and exi)eri“ 
ments have shown that although, during the first few weeks the 
bacterial activity of soils containing small quantities of arsenic is 
much greater than it is in a similar soil without arsenic, this activity 
continues to get less and less, until at the end of several weeks it is 
no greater than in soil containing no arsenic. It is interesting to 
note that if proper aeration is maintained bacterial activity never 
becomes lower than in untreated soil. 

Now why this stimulating influence of arsenic upon soil bacteria? A 
similar condition has been found to exist when soils are treated with 
carbon bisulphid, chloroform, or other disinfectants, or even when 
the soil is heated. Many theories have been offered to account for 
it, but probably the most interesting is the one held by llussell and 
Hutchinson. They maintain that within the soil are microscopic 
plants, bacteria, and also microscopic animals, protozoa. The 
minute animals are continually feeding upon the minute ])lants, 
with the result that the bacterial plants cannot multiply a,s they 
could in the absence of the protozoa. Now when a weak solution 
of an antiseptic is applied to the soil it kills many of the protozoa, 
and the bacteria being no longer preyed upon by their natural foe 
rapidly multiply. As the antiseptic evaporates the few remaining 
protozoa start to multiply and soon are able to keep in check the 
bacterial flora of the soil. So within the soil one species preys upon 
another. It is possible that microscopic forms of life wage within 
the soil battles as terrific as those waged by the higher forms of life 
upon the earth's surface. 

It is likely that this is one of the ways in which, arsenic stimulates 
the bacterial activities of the soil. It acts more readily upon the 
protozoa than upon the bacteria. After the arsenic has been in the 
soil for some time it may become insoluble or some of it may be 
changed by molds into a gas arsine and pass into the air. Then the 
few protozoa which have not been destroyed by its presence rapidly 
multiply and soon hold the bacteria in check. 

This, however, is not the only way in which arsenic acts, for pure 
cultures of the Azotobacter have been obtained from these soils, and 
it is found that these are so stimulated that they bring about greater 
changes in the presence of arsenic than they do in its absence. This 
is due to the action of the arsenic upon these minute specks of living 
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protoplasm, causing them to utilize their food more economically 
ill the presence of arsenic than in its absence. This is similar to the 
influence of the arsenic upon the cells within the horse. 

Other experiments have demonstrated that the addition of arsenic 
to a soil increases the liberation of the insoluble plant-foods of the 
soil, especially of the phosphorus. Thus arsenic by various means 
stimulates all the bacterial activities of the soil, and these increased 
activities, as experiments have shown, are reflected in greater crops. 
This increased growth must be looked upon as due to a stimulus 
and not to the direct nutritive value of the substance added. Soils 
so treated would produce larger cro])s and wear out more quickly 
than would untreated soils. It is interesting and important to know 
that arsenic has to be applied to a soil in enormous quantities before 
it retards microscopic plant life, and probably before it retards the 
growth of higher plants. 

The data available prove conclusively that the arsenical com¬ 
pounds, with the single exception of Paris green, stimulate the 
nitrogen-fixing organisms of the soil and that this iniliience varies 
qualitatively but not quantitatively vdth the various soils. The 
results also bring out the fact that both the anion and the cation of 
the compounds have a marked influence upon the growth of the 
organisms. With some compounds l)oth the anion and cation act 
as stimulants, but vdth other. compounds one stimulates and the 
other retards. It is likely that little or no influence is exerted u])on 
the nitrogen-gathering organisms by the sodium of sodium arsenate 
and that the stimulating influence noted with dilute solutions and 
the toxic influence exerted with more concentrated solutions are due 
entirely to the arsenic. It is rather likely that the stimulating 
influence which Iliviere and Bouilhac have found sodium arsenate 
to have upon wheat and oats is an indirect effect which is exerted 
upon the bacterial flora of the soil and which in turn influences the 
yield of the various grains. 

Both the anion and cation undoubtedly act as stimulants in the 
lead arsenate. Stoklasa has shown that lead when present in soil 
stimulates the growth of higher plants. This he ascribes to the 
catalytic action of these elements on the chlorophyll. The results 
reported indicate that it is due to the influence of the compounds 
upon the biological transformation of the nitrogen in the soil. The 
fact that the lead plays no small part in the stimulating influence 
is borne out by the work of Lipman and Burgess who found lead to 
stimulate nitrifying organisms. 

Paris green is toxic to the nitrogen-fixing organism in the lowest 
concentration tested. This is due to the copper and not to the 
arsenic, as it is well known that the copper ion is a strong poison 
to many of the loAver plants. Brenchley found it to be toxic to 
higher plants when present in water to the extent of one part in 
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4,000,000,000. Altliougii Eussell states that it is not as toxic in 
soil as in water, Darbishire and Paissell found it to be toxic in soils, 
and they failed to get a stiinnlating infliiencc ^^’ith it. Monte- 
matini has noted a stimulation with copper sulphate when used in 
dilute solutions. This, however, may liave been due to the anion 
and not to the cation, as sulphates do stimulate plants by their action 
on insoluble constituents of the soil. The same interpretation could 
be placed upon the results obtained by Lipman and Wilson and also 
those reported by Voelcker in which they noted a stimulation with 
copper salts. Clark and Gage have found that very dilute solutions 
of copper have an invigorating influence upon bacterial activity. In 
order that the stimulation may be noted the copper must be present 
in small quantities. Jackson found that 1 part of copper sulphate 
in e50,000 parts of water kill Bacillus coli and Bacillus typhosus. 
Ivellermann and Beckwith found that the common saprophytic 
bacteria are more resistant to copper than is B. coli. There is con¬ 
siderable evidence that copper stimulates the ammonifying and 
nitrifying organisms of the soil, but these results show the nitrogen¬ 
fixing organisms of the soil to be very sensitive to copper, and if it 
is to act as a stimulant it must be in extremely dilute solutions. The 
toxicity of the copper in the Baris green is great enough in the 
dilution of 10 parts in 1,000,000 to offset the great stimulating 
influence of the arsenic in combination with it. 

The marked stimulating influence noted where the arsenic trisul- 
phid is used is very probably due to the stimulating action of both 
the arsenic and sulphur. Demolon attributed much of the fertilizing 
action of sulphur to its action upon bacteria, and Vogel found that 
sulphur decidedly increased the acti\dty of the nitrogen-fixing organ¬ 
isms. The results which Russell and Hutchinson obtained with 
calcium sulphid are interesting in this connection. They found that 
after thirty days there were five times as many organisms in a soil 
to which calcium sulphid had been added as in an untreated soil, and 
the yield of ammonia and nitrates in the same length of time was 
one-third greater in the treated soil than in the untreated soil. This 
in turn reacts upon the crop harvested, as shown by Shedd. 

The first part of the curve for zinc arsenite nearly coincides with 
that of sodium arsenate, save that zinc arsenite stimulates in greater 
concentrations than does sodium arsenate. This is partly due to 
the difi'erence in solubility of the two compounds, but there is 
another factor-“that the zinc also acts as a stimulant. Latham 
found that small quantities of zinc stimulated algm. The same 
results have been obtained by Silberberg in working with higher 
plants. ' Khrenberg concludes that zinc salts are always toxic when 
the action is simply on the plant, but that they may lead to increased 
growth through some indirect action on the soil. lie found that zinc 
stimulated plant growth in soils, but when the soil was sterilized the 
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tion. The graphs also bring out the fact that adding arsenic and 
filtering the soil only shift for the time the equilibrium within the 
soil, which later tends to regain its old equilibrium. This is a condi¬ 
tion that coincides well with what would be expected if the limiting 
element were some other microscopic forms of life. The filter 
would not separate them quantitatively, and it is possible that the 
arsenic has only a selective influence. Later, many of the organ¬ 
isms become accustomed to its presence; or, what is more likely, the 
arsenic becomes fixed within the soil. 

That this limiting factor is a thermolabile body is brought out 
more clearly by Fig. 19. The quantity of nitrogen fixed by the 
unheated soil receiving no arsenic has been taken as 100, the heated 
soil with and without arsenic being compared with this. 



HEATED 

Fig. 19.—Graph showing the effect of the heat on the nitrogen-fixing power of soil 
treated and not treated with arsenic. 


The heating of the soil extract to 50° C. for fifteen minutes has 
exactly the same influence measured in terms of nitrogen fixed as 
does 0.0728 gm. of lead arsenate. The stimulating influence of heat 
is noted even in the presence of arsenic and reaches its maximum 
effect in the absence of arsenic at 60°, and in the presence of arsenic 
at 65° C. Above these temperatures there is a decline in the nitrogen 
fixed. Even soils inoculated with solutions which had been heated 
to a temperature of 85° fixed nitrogen; at least there is more nitrogen 
accumulated in such soil than in that inoculated with the untreated 
soil solution. The results indicate that many of the organisms which 
take part in the gathering of nitrogen in soils are very resistant to 
heat. It is also significant that the greatest stimulating influence 
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is exerted in soil which had been inoculated with solutions heated 
just above that point which Cunningham and Lohnis found to be 
the thermal death point of soil protozoa. 
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CHAPTER XIII. 


EFFECT OF HEAT AND VOLATILE ANTISEPTICS ON 
SOIL BACTERIA. 

Soils are often heated, steamed, or treated witli volatile or non¬ 
volatile antiseptics both for experimental and practical purposes. 
The process is not sufficient to destroy all forms of life wdtliin the soil. 
It only destroys some of the weaker species and the aim is usually to 
destroy an injurious species. Yet the process is often referred to 
as sterilization. In view of the fact that they fail to render the soil 
sterile, some workers prefer the terms partial sterilization or pas¬ 
teurization, which more accurately describe the process. 

Although it was well known that the kiln-burning of cla}-' produced 
a far-reaching chemical and physical effect, yet soil investigators 
considered that the process of sterilization produced no change 
either in the mechanical nature or chemical composition of a soil 
until the work of Frank appeared in 188(S. lie found that heated 
soils contained a great deal more soluble matter than unheated soil, 
peaty soils containing more than twice as much and heated sandy 
soils not quite twice as much. This increased soluble matter he 
considered sufficient to account for the increase in crops which was 
often found to follow the heating of a soil. 

A great impetus was given to the work in 1894 by Oberlin in 
(Germany and (nrard in France who found that the application of 
carbon bisulphid increased the crop-producing power of the soil. 
Oberlin found that \dneyards treated with carbon bisulphid to kill 
phylloxera showed greatly increased productivity after the treat¬ 
ment, and he founded on this his system of grape culture, where 
fallowing and rotation could be dispensed with in the resetting of 
vineyards. Girard noticed that soil treated with carbon bisulphid 
for the purpose of combating a parasitic disease of sugar-beet was 
more productive than it was before such treatment. The beneficial 
influence of the treatment extended even into the second year. 
These facts stimulated investigation and created much discussion, 
particularly as to the manner of its action. No working hypothesis 
was, however, formulated until 1899 when Koch announced his 
direct “stimulation theory,” since which time numerous theories 
have been formulated to account for the noted phenomena. 

Influence on Plant.— The use of carbon bisulphid at the rate of 2904 
pounds an acre resulted in a gain of 15 to 4C per cent, in the yield 
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of wheat grain and of 21 to 80 per cent, in wheat straw. The yield 
of potatoes was similarly increased by 5 to 38 per cent, and that of 
beets from 18 to 29 per cent. Although the yields of the legumes 
were not always increased, yet some fields of clover treated with 
carbon bisulphid gave increases of 119 per cent. 

Wollny clearly showed that the application of carbon bisulphid to 
a soil within the growing season may lead,, according to the amount 
introduced, to a complete destruction of the growing crop, or to 
a temporary retardation merely, involving a greater or slighter 
depression in the production of plant substance. Its application 
several months before planting increases the fertility of the soil 
to a considerable extent. This influence is felt, according to the 
amount of carbon bisulphid used, through one or several growing 
seasons, after which if no manure or fertilizer has been applied a 
marked decrease in the yields becomes evident. 

There was the dark green color and the vigorous development of 
the plants together with the decided tendency of grain crops to 
lodge just as if too great quantities of nitrogen were at their disposal. 
These facts led Heinze to conclude that on the whole we must seek 
the cause of the beneficial effect of carbon bisulphid on the soil in 
the enormous increase of soil organisms at the pro]3er time, thus 
rendering available, or possibly increasing, the nitrogen supply to 
growing plant. 

The large amounts of nitrogen thus made available to the crops 
are derived partly from the soil and partly from the atmosphere. 
Kruger and Heinze not only demonstrated that soils treated with 
carbon bisulphid showed an increase in their total nitrogen content, 
but also that the increase was the result of the more vigorous growth 
of the nitrogen-fixing Azotohacter species. This, Heinze considers, 
resulted from the initial suppression of amid-ammonia formation 
and nitrification which would create favorable conditions for the 
development of nitrogen-fixing flora. Later there would be more 
intense transformation of the bacterial proteins and of other nitrog¬ 
enous organic substances into amino- and ammonia compounds 
which would result in a more vigorous nitrification, thus placing 
at the disposal of the plant an abundant and imiform supply of 
soluble nitrogen compounds. The various organic materials in the 
soil—such as plant residues, pectins, pentosans, humic substances, 
and the like, together with the rapid growth of alga? and molds— 
may furnish the carbon food for the Azotohacter species. 

Effect on Properties of Soil. —Egorow, who investigated the effects of 
carbon bisulphid upon the physical properties of the soil, found that 
(1)^ the capillary rise of water in the soil treated with carbon bisul¬ 
phid to be slower than in the untreated; (2) the moisture content 
is reduced considerably, especially in peaty soils; and (3) the water¬ 
holding capacity of the soil is decreased. Thus, he concludes that 
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the treatment of soils with carbon bisiilphid acts unfavorably upon 
the water content of the soil. 

Other characteristic effects of treatment with volatile antiseptics 
reported by various investigators are: 

1. An initial decrease in the number of bacteria followed by a 
long-continued increase. A careful piece of experimentation illus¬ 
trating this is that of Fred who used loam soil (mixed with sand) 
and found that 2 per cent, carbon bisulphid has little effect upon 
the moisture content of the soil. With varying percentages of ether 
(together with 2 per cent, of sugar) in the soil, he finds an initial 
depression in bacterial numbers followed by a considerable increase 
in eight hours, 4 per cent, giving the maximum count. 

2. A disturbance of the equilibrium of the bacteria, by which 
certain types multiply more rapidly than others. Ililtner and 
Stdrmer found that under normal conditions there is a certain 
equilibrium established among the various groups of soil bacteria, 
and that the organisms capable of growing on meat extract gelatin 
are composed of Streptothrir species 20 per cent., gelatin-liquefying 
species 75 per cent., and the non-liquefying species 5 per cent. 

When carbon bisulphid is applied to a soil, its bacterial inhabitants 
are injured, though not completely destroyed, the injury varying 
with the changing conditions of temperature, moisture, and amount 
of carbon bisulphid applied, as well as with the duration of its action. 
Not all of the bacterial species are depressed in their development 
to an equal extent, the injury being most pronounced in the strepto- 
thrix species and least pronounced in the gelatin-liquefying species. 
The depressing action of carbon bisulphid disappears after a shorter 
or longer interval and is followed by a rapid multiplication of the 
micro5rganisms in the soil. The equilibrium havipg been destroyed, 
however, the new development follows along different channels, 
and there occurs not only an enormous increase in the total number 
of soil bacteria, but also an abnormal predominance of certain 
species. The new conditions thus established for a time favor a 
more ready utilization of the stores of soil nitrogen, and likewise the 
fixation of atmospheric nitrogen by certain bacterial species. These 
conclusions are borne out by the work of Lipman and Brown who 
examined abnormal soil after applying carbon bisulphid in various 
quantities alone, and in combination with muriate of potash and 
acid phosphate. They then determined the ammonifying, nitrifying, 
denitrifying, and nitrogen-fixing powers of the soil. They concluded 
that in normal soil flora the difi:erent groups occur in fairly definite 
relations which are evidently disturbed by the addition of carbon 
bisulphid, which, destroying the bacterial equilibrium prepares the 
way for an entirely new bacterial development whereby certain 
species become far more prominent than previously. This applies 
especially to the nitrifying and nitrogen-fixing bacteria. 
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3. A slight initial increase in ammonia content, followed by a 
considerable increase in the production of ammonia. This, although 
noted by the majority of workers, is especially brought out by the 
work of Russell and Hutchinson, as is illustrated by the following 
results from their work: 



'VnTS NH?' ! Nitrogen present. 

Total nitrogen present as 
NHs and NOa. 


At 

begin¬ 

ning. 

After 
23 days. 

At begin¬ 
ning. 

After 
23 days. 

At begin¬ 
ning. 

After 
23 days. 

Gain in 
23 days. 

Untreated soil .... 

1.8 

1.7 

12.0 

16.0 

13.8 

17.7 

3.9 

Sou heated 2 hours at 98° C. 

6.5 

43.8 

13.0 

12.0 

19.5 

55.8 

36.3 

Soil treated with toluene 
which was then evapor¬ 
ated . 

5.0 

27.8 

12.0 

12.0 

17.0 

39.8 

22.8 

Soil treated with toluene 

which was not removed . ‘ 

1 

' 7.2 

14.5 ! 

! 

11.0 

10.0 

18.2 

45.5 

6.3 


4. A depression of the processes by which ammonia is converted 
into nitric acid, and a very slow recovery of the activity of the bac¬ 
teria concerned, as a result of which ammonia accumulates in the 
soil. Warington, in his early investigation on the biological nature 
of nitrification, observed that when air containing carbon bisulphid 
was passed through the soil the process was inhibited, whereas C. 
de Briailles noted that during the winter the carbon bisulphid seemed 
to exert a harmful influence on the accumulation of nitrates. How¬ 
ever, with the first open weather in spring the reverse seemed to be 
true—the carbon bisulphid caused a marked increase in nitrates over 
the untreated. 

5. An increase in the rate at which oxidation takes place in the 
soil. In a study of oxidation in soils and its relationship to produc¬ 
tiveness, Darbishire and Russell found that the absorption of 
oxygen by soil is mainly brought about by the action of micro¬ 
organisms and is greatly diminished if the soil has been previously 
heated to 120° C. When heated to 95° C., it was found that the 
rate of oxidation on a sand, two loams, and a chalky soil, instead of 
being reduced was considerably increased, as was the case after 
treatment with and removal of volatile antiseptics, such as toluene, 
chloroform, carbon bisulphid, and other volatile antiseptics. 

The rates of oxidation of heated soils were as follows: 


Hop garden soil, unheated . 

Hop garden soil, heated to 95 ° C. 
Garden soil, unheated 
Garden soil, heated to 95° C. 


Milligrams of 

oxygen 

absorbed in 

3 days. 

6 days. 

9 days. 

3.7 

5.2 

7.0 

6.0 

8.2 

12.0 

7.5 

10.2 

15.5 

16.9 

27.2 

33.2 





EFFECT OF PROPERTIES OF SOIL 


131 


6. It has been repeatedly demonstrated by many workers that 
both heat and antiseptics destro^^ all or part of the protozoa found 
in the soil, depending on the degree of heat applied or the strength 
of antiseptic used. 

7. Some workers have found antiseptics and heat to depress 
denitrification in soil. Both Wagner and Morgan found that carbon 
bisulphid kills denitrifying organisms. 

8. Especially significant is the fact that there is a considerable 
increase in the soluble matter in the heated soil, not only of inorganic 
matter, as phosphorus and potash, but even more in the organic 
matter made soluble. Stoklasa holds that the plants are able to get 
more phosphate-ions from a soil as a result of the disintegration of 
the bacteria killed by the treatment with carbon bisulphid. 

Fred found that the application of carbon bisulphid to a soil 
increases the insoluble compounds of nitrogen and sulphur as well as 
the bacterial activities. Lyon and Bizzell determined the efl'ect of 
sterilizing soils by steam on the water-soluble material and found 
that steaming the soil at two atmospheres reduced the nitrates to 
nitrites and ammonia, but that most of the ammonia is formed from 
organic nitrogen in the soil. 

9. Although the majority of workers report an increase in nitrogen 
fixed in a soil treated with carbon bisulphid, yet Koch reports cases 
in which carbon bisulphid added to a soil containing fairly large 
quantities of cane sugar has resulted in a weakening rather than in 
a strengthening of their nitrogen-fixing powers. The increase in 
nitrogen fixation may at times be very pronounced, as may be 
seen from the following experiments in which tumblers containing 
soil were all carefully sterilized and half of them placed in the 
incubator in the sterile condition. To the others was added a soil 
extract prepared by shaking one part of soil with two parts of sterile 
distilled water for three minutes. After standing for about five 
minutes the liquid was decanted and 10 c.c. portions were used to 
inoculate the soil. Before inoculating, this extract was ])laccd in 
thin-walled test-tubes in 10 c.c. portions and then kept at the 
required temperature for exactly fifteen minutes before adding to 
the soil. The moisture content was made up to IS per cent, and 
the whole incubated for twenty days. The milligrams of nitrogen 
fixed under the varying treatments were as follows: 


MilliKHiins 

Temperaturo of Hoil extract (° C.). nil roK(‘ii-fixcd. 

Room.5.11 

50.9.00 

55.14.14 

{)0.10. SS 

05. ... 14.42 

70.13.02 

75.11. :^4 

80.12.00 
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animals. 
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(a) ih'opaiijative origans of higher plants, c,Hpf*oi'liiy 
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IL Immediate^ (dumicsal Aetion Tonnafion toxic aini 
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and salts. 
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id) Modified color and tnlor. 

V. Aetion on Organisms (Jrowing in Htcrilized Soils: 

(a) Lower organisms. 
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(b) Green plants. 

1. Injurious action as indicated by retarded rate 

and percentage of seed germination and by 
retarded rate of plant growth. 

2. Beneficial action as shown by increased rate and 

percentage of seed germination and increased 
rate and amount of plant growth. 

3. Modified in form, color, and other qualitative'^ 

changes. 

Hypotheses to Account for Observed Phenomena.— A number of 
hypotheses have been formulated to account for the increased plant 
growth and for the many changes produced in soils by treatment 
with heat and volatile antiseptics. A number of these theories 
are considered, but it must be borne in mind that there is a wide 
disagreement among workers as to the real cause. No single 
hypothesis yet formulated can be said to fully account for all of the 
observed phenomena. 

Koch’s “Direct Stimulation’^ Theory. —The first theory offex‘ed to 
account for the increased yield obtained from soils treated with an 
antiseptic was the “direct stimulation” theory advanced by Koch 
in 1899. He considered.carbon bisulphid to have a direct stimulat¬ 
ing effect on the plants themselves. He later found ether to have 
a similar effect. In experiments dealing with the addition of ether 
to the soil Koch found that the increased yield was pronounced on 
the first crop, whereas the residual effect was slight, as with carbon 
bisulphid the beneficial effect increases with the amount of applica¬ 
tion. He further found that soils sterilized with heat produced 
better crops when treated with carbon bisulphid than when not so 
treated and concludes that the eft'ect of the antiseptic, therefore, 
cannot be due to its effect on bacteria. 

The theory of Koch has been supported by Fred who fertilized 
soil with an abundant supply of sodium nitrate and found that in 
every case in which carbon bisulphid was added the growth and 
yield of crop were much superior to those in the corresponding pots 
not treated with that substance. He concludes that as there was no 
lack of plant-food and other conditions were favorable to plant 
growth, the effect of the antiseptic must have been directly upon the 
plant. There is ample evidence to prove that many of these anti¬ 
septics in dilute solutions stimulate the plants directly, yet there 
is no evidence which will substantiate the claim that this is the only 
or even the principal influence on the plant and soil. 

Hiltner and Stormer’s “indirect” theory of antiseptic action is 
outlined by them as follows: 

“1. By destroying the existing bacterial equilibrium in the soil, 
the carbon bisulphid opens the way for an entirely new bacterial 
development. This is achieved through the unequal retardation 
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flora, wliicli does not return so easily to its normal state. Tt is quite 
possible that the return to the normal conditions is prevented by 
the exhaustion for years to come of the more available portions of the 
plant nutrients.'' 

Evidence corroborating this theory has been brought forward by 
Ileinze, Stoklasa, Lipman, and Brown, whereas Sirker furnishes 
evidence in the cultivation of the mulberry which opposes it. He 
found that the addition of carbon bisulphid to a completely fertilized 
mulberry plant increases the vegetation 44 per cent., whereas a 
heavy application of sodium nitrate was of slight value. 

Russell and Hutchinson’s Protozoan Theory.— They consider that 
the microscopic flora of the ordinary arable soil includes a wide 
variety of organisms performing very different functions which 
may be divided roughly into two classes: (a) saprophytes, tending 
to increase the fertility of the soil, for example, producing ammonia, 
fixing nitrogen, and similar changes; and (b) phagocytes and large 
organisms inimical to bacteria which limit fertility. Between these 
two classes of organisms there is an equilibrium under natural 
conditions, but when partial sterilization takes place the phago- 
cytes are killed but the bacterial spores are not; and subsequently 
the latter develop with great rapidity, since they are freed from the' 
attacks of their enemies, and there is an increase not only in 
ammonia but likewiwse in crop production. 

In support of this theory they point out the following: ‘'Hn 
untreated soil there is no accumulation of ammonia, whereas.the 
‘toluene evaporated' soil, as well as the soil heated to 98° C., show 
an increased production of ammonia. That this is mainly the work 
of microdrganisms is proved by the following considerations: (a) 
The curves belong to the type associated with bacterial, rather than 
with purely chemical activities, (h) Soil which has been heated to 
125° C. (at which temperature all organisms are killed) behaves 
altogether differently; after the first production of ammonia due 
to heating there is no further change, (c) If the toluene is left in 
the soil there is only a slow production of ammonia, and never a 
rapid rate; the curve is more nearly linear. The action of micro¬ 
organisms is here excluded, but enzymes may still act. (d) The 
raj^id period sets in only when the soil is sufficiently moist. Thus 
the two significant changes induced by partial sterilization are, 
(1) an increase in the amount of ammonia; and (2) cessation of the 
nitrifying process. 

'Ht now becomes necessary to determine the part played by 
bacteria, and why they can increase so much more rapidly in the 
partially sterilized soil (which accounts for the increased ammonia 
production) than in the untreated soils. That the comparative 
inertness of the bacteria in the untreated soil cannot be caused by 
any bacterial factor is evidenced by the following considerations: 
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(а) If , a filtered soil extract containing bacteria from an untreated 
soil is added to a toliiened soil, there is an increase in the rate of 
ammonia production, and also in the number of bacteria. (6) 
However, if untreated soil is added to toluened soil, there is no 
increase, but on the contrary a reduction, (c) As pointed out above, 
an extract of the toluened soil is more active than an extract of 
untreated soil, (d) But when the extract of toluened soil is added 
to the untreated soil there is no increase in ammonia production. 

“The conclusion drawn is that 'the untreated soil contains a 
factor, not bacterial, limiting the development of bacteria, this 
factor being put out of action by toluening or heating.' 

“Having determined the presence of a limiting factor in untreated 
soils an examination of its nature reveals that: (a) it is not a toxin, 
for if it were it would be sure to affect the nitrifying bacteria most; 

(б) barley seedlings grown in aqueous extracts of untreated and 
toluened soils showed no difference in growth over a period of four 
weeks; (c) the limiting factor is probably biological, for when 
untreated soil is added to toluened soil the reduction in the rate of 
ammonia is not at once operative. It is also a large organism, since 
it is only in the soil and not the filtered extract of the untreated soil 
that is effective in reducing the rate of ammonia production in 
toluened soil. An examination of treated and untreated soil was 
made, and the latter revealed the presence of large organisms, 
protozoa, etc., which constitute the factor, or one of the factors, 
limiting the bacterial activity, and therefore the fertility of untreated 
soil. Direct evidence is furnished by inoculating toluened soil or 
soil extract with cultures of large organisms and studying the 
effect produced—which is a consequent depression in the rate of 
ammonia formation." 

Although accepted by many workers, there are many of what 
appear to be fatal objections that have been brought against this 
theory: (1) It has been demonstrated that the soil contains many 
species of fungi which are capable of producing considerable quan¬ 
tities of ammonia and these would withstand the actions of the anti¬ 
septic or partial sterilization by heat and may develop later and 
produce large quantities of ammonia. (2) There may be a great 
difference in the physiological efliciencies of the surviving ammoni- 
fiers. (3) The work of Russell and Hutchinson does not consider | 
the probability of the protozoa being in soil as cysts. (4) The 
direct laboratory work of Fred and Gainey cannot be interpreted in 
the light of this theory. Kopeloff and Coleman analyze the work | 
of Fred in the light of the protozoan theory as follows: 

“In order to test the validity of Russell and Hutchinson's con- { 
elusion that the absence of protozoa (by treatment with toluene) j 
is responsible for increased production of ammonia, Fred, using j 
ether instead of toluene, subjected one series of flasks containing 

I 
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compost soil to 100° C. moist heat for an hour and used a similar 
series, iinheated, as a check. All the flasks received 0.2 per cent, 
ammonium sulphate—some of the flasks received 2 per cent, and 5 
per cent, ether. In order to obtain vigorous nitriflcation 170 c.c. 
of ameke-free extract was inoculated into all the flasks. (This 
was prepared by leaching 2 kg. of compost soil and 4 liters of sterile 
water and filtering through filter paper; the microscopic examination 
revealed the presence of no amebse.) 

“The analyses for nitrate nitrogen were made at the beginning 
of the experiments and at the end of 100 and 150 days, respectively; 
the results showed that heating the soil to remove amebic did not 
have a beneficial effect upon nitrate formation, contrary to Russell 
and Hutchinson’s work—although the addition of a small amount 
of ether increased nitrification in the flasks containing amebic, and 
had the opposite effect in the soil free from amebic. This, the 
authors believe, may be accounted for by the stimulating effect 
upon the nitrifying bacteria, since the heated soil not treated with 
ether showed no such increase. 

“Fred concludes (in addition to the above mentioned observa¬ 
tions) that ether and carbon bisulphid cause an increased fixation of 
nitrogen in pure cultures of Azotohacter, The development of deni¬ 
trifying organisms is hindered for only a short time, because of 
treatment with antiseptics. Both Azotohacter and. denitrifying 
organisms are insignificant in a normal soil. Nitrification is at first 
inhibited and later accelerated by antiseptics, while toxins remain 
unaffected by treatment. Carbon bisulphid and ether cause an 
increase in crop yield under sterile conditions. 

“He holds that the increased growth of plants following the use 
of antiseptics in the soil depends essentially upon the stimulation 
to the plant itself, in combination with a similar effect on the lower 
organisms. 

“Fred’s work is highly suggestive, but the determination of 
nitrogen produced is in the form of nitrates alone, and no data are 
set forth concerning ammonia. That this might affect liis results is 
evident when one takes into consideration the fact that most investi¬ 
gators have proved that nitrification is depressed by antiseptics, 

“Furthertaore, like many other experimenters he does not con¬ 
sider the possibility of protozse cysts passing through the filter 
paper in the preparation of ^arnebic-free extract.’ And we have 
found in our experimental work that cysts do pass through several 
thicknesses of high-grade filter paper. 

“In much the same manner, Gainey concludes that investigations 
relative to the effect of toluol and carbon bisulphid upon the micro¬ 
flora and fauna of the soil, that: (a) small quantities of carbon 
bisulphid, toluol, and chloroform, such as have been used practically 
and experimentally, when applied to soils studies, exert a stimulative 
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rather than a diiiiimshiiig' chect upon the total iiuinber of bacteria 
present; (/;) an application of such cpiantities of toluol and carbon 
bisulphid does not have an appreciable effect upon the number of 
types of protozoa present; (c) a very marked increase in yield may 
be noted following ^such an application when no evident change 
occurs in the total number of bacteria present.’' 

Greig-Smith’s Bacteriotoxin Theory.--A wddely different theory 
from any so far considered is that advanced by Greig-Smith. He 
considers that when disinfectants are added to the soil their action 
is two-fold: They kill the less resistant bacteria and dissolve from 
the surface of the soil particles a waxy covering to which he has given 
the name ''agricere.” The surviving bacteria, which he assumes 
are the beneficial ones, are then able to function much more rapidly 
on account of the exposure of the food due to the removal of the 
'^agricere.” 

Moreover, he considers that there is a toxin contained in the soil 
which is soluble in dilute saline, partially destroyed by heating to 
94"^ C., and rapidly decayed in aqueous solution; boiling water 
converts it into a nutrient, or by destroying the toxin enables the 
nutrients dissolved in the saline to act. Thus, heating the soil 
destroys the bacteria toxin, which accounts for enhanced fertility. 
Bottomley and others also claim to have found soluble bacterio- 
toxins in soils. Russell and Hutchinson, on the other hand, obtained 
wholly negative results, and conclude that soluble bacteriotoxins 
are not normal constituents of soils, but must represent unusual 
conditions wherever they occur. Not only could no experimental 
evidence of the existence of bacteriotoxins be obtained, but Russell 
and Thaysen showed that the assumption of toxins leads to difficul¬ 
ties. It is necessary to suppose that heating fresh soil for fifteen 
minutes is sufficient to produce toxins but not to destroy them, 
whereas heating for sixty minutes both produces and destroys them, 
and in the case of air-dried soils fifteen minutes’ heating causes their 
decomposition. 
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CHAPTER XIV. 


THE INFLUENCT^ OF SALTS ON THE BACTEPxIAL 
ACTIVITIES OF THE SOIL, 

Salts that occur naturally in soils and those applied to them in 
various operations influence the number, species, and activity of 
the soil microflora. These factors are in turn reflected by yields 
obtained. Some substances applied to a soil serve as food for the 
growing plant; others increase plant growth but not through the 
direct furnishing of food. This latter effect may be due to a change 
brought about by the salt on the physical, chemical, or bacterial 
properties of the soil. The substance may alter the physical proper- 
ties of the soil to such an extent that the bacterial flora is modified; 
this in turn may increase or decrease the crop produced upon the 
soil. Other substances may react chemically with constituents 
within the soil and in so doing liberate substances which can be 
directly utilized by the growing plant. Again, they may directly 
modify the microflora and microfauna of the soil both as to numbers 
and physiological efficiency. In some cases all three changes may 
be wrought by the same salt. The question, therefore, arises as to 
what effect this or that fertilizer or soil amendment is going to have 
upon the bacterial activity of the soil. Furthermore, there are 
millions of acres of land in arid America which contain varying 
amounts of soluble salts. Some of these soils contain such large 
quantities of these so-called “alkalies” that no vegetation is found 
upon them. Other soils contain only a medium ainouiit of soluble 
salts and the vegetation is composed chiefly of alkali-resisting plants. 
Still other soils contain much smaller quantities of soluble salts and 
they become injurious only when the soil is improperly handled. 
The reclaiming of the heavily charged soils and the maintaining of v 
the others in a productive condition can be carried on successfully 
only when we understand the influence of salts upon the growing 
plants and their action upon the biological, chemical, and physical 
properties of the soil. 

Calcium Carbonate.—Much, work has been done to determine the 
influence of calcium carbonate, especially when applied to acid soils, 
on the bacterial content and activity.of the soil, but the conclusions 
reached have not always been concordant. Withers and Fraps 
found that calcium carbonate added to a soil greatly accelerated 
nitrification and that it is especially desirable that it should be 
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added where ammonium sulphate is being used as a fertilizer. Lip- 
man’s work showed that calcium carbonate stimulated nitrification 
more than did gypsum, that sodium chlorid was injurious to nitrify¬ 
ing organisms, and that ferrous sulphate in amounts from 10 to 100 
mg. per 100 gm. of soil was without effect. Later, he and Brown 
decided that both ammonification and nitrification were promoted 
by magnesia lime to a more marked extent than they were by non¬ 
magnesia lime. This, however, was to a certain extent dependent 
upon the treatment and crop growing on the soil. Both ammonifi¬ 
cation and nitrification were accelerated by sodium nitrate. In a 
more recent work Lipman, Brown, and Owen found that ‘small 
applications of calcium carbonate stimulated bacterial activity, 
whereas large applications had a detrimental effect upon ammonifi¬ 
cation. 

In Owen’s experiments, magnesium carbonate was more eflScient 
in promoting ammonification and nitrification than was either 
calcium or potassium carbonate. According to Engberding ammo¬ 
nium sulphate, sodium nitrate, potassium nitrate, and caustic lime 
all increase the bacterial content of the soil, but decrease its nitrogen¬ 
fixing powers. Kruger’s work indicated that calcium carbonate 
was more effective in promoting nitrification than was lime, the 
reverse being true with regard to the putrefactive bacteria. The 
formation of ammonia from peptone was especially favored by 
calcium carbonate. Lyon and Bizzell found that lime favored 
nitrification, as did also certain nodule-bearing legumes. Fischer 
concluded that the presence of calcium carbonate in a nutritive 
solution favored the formation of protein nitrogen, but magnesium 
carbonate lessened the transformation of ammonia into protein 
nitrogen. Calcium oxid, however, exerted a much greater influence 
upon soil bacteria than did calcium carbonate. 

Kellermann and Robinson’s results are of especial interest as 
they indicate that magnesium carbonate, applied in amounts 
exceeding 0.25 per cent, to a soil fairly high in magnesium carbonate, 
positively inhibited nitrification, whereas calcium carbonate up to 
2 per cent, favored it, thus indicating that the lime-magnesia ratio 
is of great importance with regard to bacteria as well as the higher 
plants. These results have been confirmed by C. B. Lipman and 
Burgess in whose experiments magnesium carbonate was highly 
toxic both in soil and in solution to Azotohacter chroococcum, while 
calcium carbonate was never toxic even in quantities up to 2 per 
cent. Furthermore, calcium carbonate exerted a protective influ¬ 
ence against the toxic properties of magnesium carbonate. The 
optimum ratio varied, depending upon the medium. 

Peck studied the influence of a number of salts upon bacterial 
activity when applied to the soil, with the result that the carbonate, 
sulphate, and phosph^^te of calcium were found to stimulate ammoni- 
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fication, while sodium nitrate depressed it; both potassium sulphate 
and calcium carbonate accelerated nitrification in soil. Brown, 
working with a typical Wisconsin drift soil, found that the applica¬ 
tion of ground lime up to 3 tons an acre increased the number of 
bacteria in the soil, and also the ammonifying, nitrifying, and nitro¬ 
gen-fixing powers of the soil. The increase was in every case nearly 
proportional to the limestone applied. 

At times the increase noted in ammonification is due to the 
retention of the volatile ammonia by the carbonate, as is shown by 
Lemmermann’s results where the addition of calcium carbonate to a 
soil up to 1 per cent, reduced the volatilization of ammonia, but 
calcium oxid had the opposite effect. Both calcium chlorid and 
calcium sulfate reduced the loss of ammonia, but the chlorid was 
the only salt of magnesium tested which had this effect. Potassium 
and sodium chlorids, sulphates, and carbonates all reduced the 
absorptive powers of the soil. Paterson studied the influence of a 
number of substances upon nitrification with the result that caustic 
lime was found practically to stop all nitrification. Calcium car¬ 
bonate promoted it, as did also magnesium carbonate; gypsum was 
less effective, while ferric hydrate had a decidedly favorable effect. 
Sodium chlorid, on the other hand, had a distinctly injurious efl*ect. 

Kelley studied the effect of calcium and magnesium carbonate 
alone and in combination upon ammonification and nitrification. 

In his work calcium carbonate only slightly stimulated ammonifi¬ 
cation of dried blood, but it had a marked stimulating effect upon 
nitrification. The magnesium carbonate was found to be toxic 
to both groups of organisms. No antagonism was found to exist 
between calcium and magnesium. Later, when working with 
Plawaiian soils, he reports a stimulation for both. The results, 
however, varied with different soils, and he considers the lime- 
magnesia ratio of little importance as regards the ammonifying 
and nitrifying organisms. Allen's conclusion is that large quantities 
of limestone must be applied to a non-calcareous soil in order to 
bring its nitrifying powers up to those of natural calcareous soils. 

Lime.—Peterson and Wollny found that lime increased the carbon 
dioxid given off by soils, and Ebermayer, Hilgard, and Hartwell 
and Kellogg proved conclusively that lime increases the decay taking 
place in a soil. 

Chester showed that lime increased the number of bacteria in 
soil, the increase being proportional to the lime applied up to 4000 
pounds an acre. Pie considered the effect as being due to the lime 
giving to the soil a more favorable reaction for the growth of bac¬ 
teria and not to its direct action upon the organisms themselves. 

Lime not only increases the number of organisms in a soil, but ^ 
it increases the ammonifying powers of the soil, as is seen from the 
work of Remy, Ehrenberg, Vorhees^ and Lipman, 
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iron sulphate influences the phosphorus metabolism of the plant. 
It is hard to see how this is possible unless it be that the iron stimu¬ 
lates the bacterial activity, which in turn liberates phosphorus 
from its insoluble forms within the soil. It has already been noted 
that Lipman found ferrous sulphate to have but little effect upon 
nitrification, but his results were not conclusive. Guffroy found 
sulphate of iron decidedly beneficial to oats, less beneficial to rye, 
without action on rye-grass, and harmful to wheat. He conclucled 
that its action must be due to its influence on the biological processes 
of the soil. According to Paterson and Scott, ferric hydrate has a 
distinctly beneficial effect upon nitrification. In this latter case 
its action could be due to its serving as a base. According to 
Lipman and Burgess the ammonifiers are more sensitive to iron 
sulphate than are the nitrifiers, for though small amounts of iron 
sulphate stimulated the latter, it was toxic to the former in all con¬ 
centrations tested. 

Magnesium Salts.—Magnesium compounds usually stimulate 
bacterial activities to a greater extent than do calcium compounds, 
as has been noted in some of the literature already cited, Eng- 
berding's results, however, showed that, while magnesium sulphate 
stimulated bacterial activities, it was not as effective in this regard 
as was ammonium sulphate, sodium nitrate, or potassium sulphate. 
The work of Makrinov is of interest since he found pure magnesium 
carbonate a very suitable substance on which to grow the nitrous 
organism. Furthermore, magnesium carbonate had a strongly 
beneficial effect on the physiological action of the organism. Keller- 
mann and Pobinson, on the other hand, found that magnesium car¬ 
bonate when applied to a soil already rich in magnesium carbonate 
positively inhibited nitrification if the quantity added exceeded 
0.25 per cent. This is an apparent contradiction, but it may be 
due to the different conditions of the experiments, since one investi¬ 
gator was working with culture of the organisms whereas the other 
was using the soil with its complex flora. Furthermore, it is quite 
possible that magnesium carbonate may be without effect upon or 
even accelerate the growth and activity of the Nitrosomonas and 
yet inhibit the Nitrommas. 

Manganese.—Some experiments by Skinner and Sullivan demon¬ 
strate that manganese acts in various ways as a fertilizer. It is 
often without influence, occasionally injurious, but usually bene¬ 
ficial, its effect depending apparently upon the comi)osition and 
character of the soil. The oxidation in soils under treatment with 
manganese salts was also studied and it was found that an increase 
in oxidation and growth frequently occurred in aqueous extracts of 
poor, unproductive soils. Although oxidation was increased in 
fertile soils, growth was decreased, the plants showing indications 
of excessive oxidation. Field experiments showed practically no 
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nitrification in soils, Renault claims that slow ammonification and 
subsequent nitrification is always accompanied by a low percentage 
of potash. Dumont’s experiments showed that potassium car¬ 
bonate, added to a soil at the rate of from 1 to 2.5 gm. per 1000 gm. 
of soil, markedly increased nitrification, but that larger applications 
of the salt progressively diminished the rate of nitrification, while 
the addition of 8 gm. to 1000 gm. of soil completely checked it. 
Lumia concluded that potassium chlorid and sulphate were nearly 
as effective in promoting the activity of alcoholic ferments as were 
phosphates. 

Fred and Hart found that both calcium and potassium sulphates 
increased ammonification in solution and that the sulphates of potas¬ 
sium, calcium, and magnesium each increased the volume of carbon 
dioxid from soil. P>om the results obtained with different salts, 
they conclude that the addition of the potassium ion did not mate¬ 
rially increase ammonification in the soil examined. 

Sodium Salts.—Sodium salts are often used as fertilizers and with 
good results. Furthermore, many alkali soils contain sodium salts 
in quantities sufficient to be toxic to both the higher and lower 
plants. For these reasons many investigations have been conducted 
to determine the influence of sodium compounds upon higher 
plants, and many have had as their object the determination of their 
influence upon soil bacteria. 

As early as 1884 Warington showed that the presence of 0.032 
per cent, of sodium bicarbonate distinctly retarded nitrification, 
and that in the presence of 0.09G per cent, nitrification was very 
slight. Sclilosing had added various salts to the soil in quantities 
not exceeding 485 parts per million with no apparent effect upon 
nitrification. Flowever, Deherain found tliat common salt com¬ 
menced to be harmful when it exceeded one-thousandth of the weight 
of soil, and when larger quantities are applied nitrification almost 
ceased. According to the same observer sodium nitrate may stop 
nitrification for a time, but later it recommences. Lipman and 
others found that sodium nitrate increased the accumulation of 
nitrates in a soil. They found, however, a certain periodicity in 
the accumpilation of nitrates which would account for the different 
results reported by various investigators. In later investigators they 
concluded that at times sodium nitrate stimulates ammonification. 
McBeth and Wright found that carbonates, chlorids, and sulphates 
inhibited nitrification and that the former were more injurious than 
the latter. 

The most far-reaching and systematic work which has been 
reported on the influence of salts upon bacterial activity is the 
excellent work by C. B. Lipman who demonstrated that ammonifi¬ 
cation is inhibited by sodium chlorid, sodium sulphate, and sodium 
carbonate. The points at which the salts became toxic are: for 
10 
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sodium cUorid, between 0.1 per cent, and 0.2 per cent.; for sodium 
sulphate, 0.4 per cent.; and for sodium carbonate, 2.0 per cent. A 
stimulating influence was noted in the case of sodium carbonate, 
but not in the case of the sulphate or the chlorid. The points at 
which they became toxic to nitrifiers were found to be: for sodium 
carbonate, 0.025 per cent.; for sodium sulphate, 0.35 per cent.; 
and for sodium chlorid, less than 0.1 per cent. 

All except sodium chlorid acted as a stimulant in lower concen¬ 
trations. Later Lipman and Sharp found the point at which sodium 
chlorid became toxic to nitrogen-fixing organisms in soil to be from 
0.5 to 0.6 per cent.; sodium sulphate, at 1.25 per cent.; and sodium 
carbonate, at 0.4 to 0.5 per cent. Sodium chlorid was the only one 
which acted as a stimulant. Recently Lipman has demonstrated 
that there exists, as measured by ammonification, a true antagonism 
between sodium chlorid and sodium sulphate; between sodium 
chlorid and sodium carbonate; and between sodium sulphate and 
sodium carbonate. 

Brown and Hitchcock found nitrification to be stimulated by 
small amounts of sodium chlorid, sodium sulphate, and magnesium 
carbonate, and large amounts of calcium carbonate. The large 
quantities, however, became toxic, the point at which toxicity and 
probably stimulation occurs varying with the different soils. 

Variation in Effect Produced.—It is quite evident from the litera¬ 
ture reviewed that the addition of a salt to a soil may produce a 
number of different effects, depending upon the nature and quantity 
of the salt added: (1) The salt may stimulate some or all of the 
bacterial activities of the soil; (2) it may be without effect; (3) it 
may be toxic to some and without effect or stimulating to others; 
(4) it may be toxic to all of the bacteria of the soil and hence either 
MU the organisms or, what is more often the case, materially 
decrease their metabolic activity. 

These factors are well illustrated in an extensive study carried 
on by the author on the chlorids, nitrates, sulphates, and carbonates 
of sodium, potassium, calcium, magnesium, manganese, and iron. 
They are especially interesting in that it indicates the influence of 
these twenty-four salts on the ammonifying and nitrifying powers of 
a soil all tested under similar conditions. Though the results are 
not absolute, they do represent rather nearly the relative action of 
the various salts, as may be seen by comparing them with the 
results reported by others. One fact, however, which the student 
must bear in mind with these, as with all other results, is that an 
accumulation of a specific substance within the soil may represent 
either an acceleration of the activity of the organisms which form 
that compound or a decrease of th^ efficiency of the organism which 
destroys it, 
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Stimulating: Action.—Only six of the twenty-four compounds 
tested failed to stimulate the ammonifying organisms at some con¬ 
centration. Those which did not stimulate were calcium chlorid, 


O, O, O, o o, 



Fig. 20.—Graphs showing molecular concentrations at which the various salts exert 
greatest stimulation on bacteria in soil. 



148 


INFLUENCE OF SALTS ON THE SOIL 


calcium nitrate, potassium chlorid, potassium sulphate, magnesiurn 
nitrate, and sodium sulphate. 



Fig. 21.—Graphs showing the percentage of stimulation at the above noted molec¬ 
ular concentrations (See Fig. 20), the untreated soil being counted as producing 
100 per cent, of nitric nitrogen. 



Fig. 22.—Graphs showing the molecular concentrations at which the various salts 
are toxic to ammonifying and nitrifying organisms in the soil. 


There were also six which failed to stimulate the nitrifiers, but 
it is quite evident from the results given in Fig. 20 that in the 
majority of cases these are different from the ones which failed to 
stimulate the ammonifiers. This is remarkable when we remember 
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that the speed of the nitrification process is controlled and dependent 
upon the speed of ammonification. The results clearly indicate that 
there are other side reactions taking place which are influenced by 
the salts but which are not measured by the ordinary bacterio¬ 
logical method. 

It is evident, however, from the results reported in Fig. 21 that 
those compounds which are most active as stimulants to the higher 
plants are also most active in stimulating bacteria. It is likely that 
the effect upon the plant is due in a large measure to the action of 
the compound upon the bacteria, which in turn render available 
more plant-food. 

Toxicity of Various Salts.—There is an extremely wide variation in 
the concentration at which various salts become toxic to soil bac¬ 
teria (Fig. 22). Some must occur in soils in large ciuantities before 
becoming toxic, whereas others are toxic when present in only minute 
quantities. The toxicity of the salts to ammonifying organisms are 
controlled largely by the electronegative ion, but this is not as 
pronounced in the case of the nitrifiers. The latter class of organisms 
is, however, more sensitive to salts than are the ammonifiers. The 
ammonifiers represent more nearly the higher plant. 

It is apparent from these results that the increased osmotic 
pressure exerted by a salt within the soil plays a part in retarding 
the bacterial activity of such a soil, but it is not the only factor. 
The main factor is probable a physiological one, due to the action 
of the substance upon the living protoplasm of the cell changing 
its chemical and physical properties in such a way that it cannot 
function normally. 
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CHAPTER XV. 


INFLUENCE OF MANURE ON THE BACTERIAL 
ACTIVITIES OF THE SOIL. 

The application of barnyard manure to a soil brings about a 
far-reaching change within the soil. It has been found that^ on the 
average, one ton of barnyard manure contains 10 or 12 pounds each 
of nitrogen and potassium and 2 or 3 pounds of phosphorus. It also 
carries other substances of less importance which may be directly 
utilized by the growing plant or which may react with substances 
within the soil, changing their solubility. This direct and indirect 
nutritive value of a manure is not its only function, for it greatly 
changes the physical structure of the soil. It improves the tilth of 
a clay soil by increasing the granulation within it, while in a sandy 
soil it tends to bind the particles together, making it less porous. 
Each of these changes react upon the water-holding capacity and 
the capillarity of the soil, greatly altering the aeration of the soil 
and with the aeration the temperature. 

The biological changes which the manure produces in the soil, 
especially when small quantities are added, may be even more far- 
reaching than either the chemical or physical changes which it 
produces. Every pound of manure carries with it to the soil millions 
of bacteria. Many of these will find the new conditions unsuited for 
their growth, but some will continue to multiply, and in so doing 
not only will decompose the constituents of the manure but also 
will greatly alter other organic and inorganic substances of the soil. 
The bacterial content of the soil is, therefore, changed both quanti¬ 
tatively and qualitatively. There are added with the manure many 
new species; the changed physical arid chemical conditions of the 
soil due to the manure will greatly modify those already present, 
for the microflora and microfauna originally present in the soil were 
due to specific soil properties. 

This changed flora and fauna will in turn change the chemical 
and physical properties of the soil still more. Acids are generated, 
which react with insoluble constituents, rendering them soluble. 
Gases are formed, which change the air within the soil; in these 
reactions heat is generated, thus changing the temperature of the 
soil. The metabolism of the bacterial cell requires nutritive sub¬ 
stances, among which are water and the elements essential to plant 
growth. Some soluble constituents will be changed to insoluble'^and 
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some inorganic to organic. All of these changes are reflected in the 
crop yield. 

Number.—That the addition of manure to a soil increases the 
number of bacteria has been shown by Remy and Fischer. 

Caron found that the number of bacteria present depends not 
only upon the manure added but upon the cultural methods and the 
crop grown on the soil. Fabricius and von Feilitzen found that 
bacteria increased in the soil on the addition of manure and that a 
direct relationship existed between the temperature of a soil and 
the number of bacteria found in it. That the temperature of the 
soil is influenced by the addition of manure is shown by Wagner who 
observed that manure increased the temperature of soil from 1 to 
2.8° C., depending on the kind and condition of manure added. 
Troop noted an average increase of 5° in temperature of soil receiving 
25 tons an acre of manure over an unmanured soil. Petit, however, 
claimed that, while there was at first an increase in the temperature 
^ of manured soils, later it became lower than the unmanurcd. Stigell 
concluded that bacteria under favorable conditions for de ^'elopment 
retarded the conduction of heat in soils and thereby reduced the 
temperature changes due to the variation in the outside temperature. 
This, in a way, might neutralize the effect of manure, for Ilecker 
found that although the temperature of soil to which well-rotted 
manure had been added was higher than adjacent unmanured soil 
during the day, the opposite was true during the night. Grazia 
stated that manures greatly increase the temperature of the soil. 
King found that a definite increase in bacterial activity occurred 
with increased temperature, but that an excessive moisture content 
greatly reduced the number of bacteria in a soil. Engbcrding 
claimed that manure increased the number of bacteria in a soil, but 
he considered that the moisture content had a greater influence on 
numbers than did temperature. That the moisture content greatly 
influenced bacterial activity was shown by Deherain and Demoussy, 
who found that the bacterial action of a soil was at its maximum 
when a rich soil contained 17 per cent, of water, but that it decreased 
if the proportion of water fell to 10 per cent, or rose to 25 per cent. 
With soils less rich in humus a somewhat higher proi)oirtion of water 
was necessary to retard oxidation to any marked degree. In a 
manured soil the coarse manure tended to cause the surface soil to 
dry out, while fine manure prevented evaporation. King observed 
that manured land contained more moisture throughout the year 
than unmanured, and this was reflected in both a greater number 
of bacteria and in a larger crop. The bacteria themselves may 
play a small part in this difference in moisture content, as was 
shown by Stigell, who found that bacteria decreased the speed of 
evaporation of water from Petri dishes. Hiltner and Stormer’s 
results indicate that the addition of manure to a soil brought about 
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a marked change in the number of bacteria. The temperature, 
cultural methods, and crop had an influence, but it was not nearly 
so pronounced as that produced by the manure, as is seen from the 
following in which is given the number, stated as millions per gram, 
of bacteria found in manured and unmanured soils at different 
seasons. 



1901. 

1902. 

10 May. 

27 Aug. 

1 

18 Oct. 

IFeb. 

12 June. 

IS Aug. 

Cropped land, grass and clover . 

8.3 

3.2 

1 

6.4 i 

G. () 

8.1 

4.9 

Cultivated fallow, unmanured 

8.0 

4.2 1 

4.0 1 

4.1 1 

5.7 

4.1 

Cultivated fallow, manured . 

11.0 

10.5 

11.0 

9.3 

7.2 

8.4 


Brown, in a study of the influence of manure on the bacterial 
activities of a loam soil, found that applications of manure up to 16 
tons an acre increased the number of bacteria and also the ammoni¬ 
fying and nitrifying powers of the soil. The greatest increase in the 
processes was brought about by small applications of manure, 8 to 12 
tons to the acre. He observed a close relationship between the 
ammonifying powers of the soil, the bacterial content, and the crop 
produced on the soil. 

Temple stated that the addition to a soil of 10 tons an acre of cow 
manure greatly increased the number of bacteria in the soil, but 
that a greater increase occurred when a sterilized manure was applied. 
This, however, is not in keeping with the results obtained by other 
investigators. Hellstrom concluded that manures possessed a 
fertilizing effect aside from the quantities of fertilizer constituents 
contained within them; and this, he maintained ^ due to their great 
bacterial content. Stoklasa found that manure increased the bac¬ 
terial content and activity of a soil, the increase l)eing greater with 
small, frequent applications of manure than with large applications 
made at longer intervals. Moreover, Lipman and others observed 
that the bacteria conveyed to soil in small quantities of manure 
were valuable in bringing about a more rapid decomposition of a 
green-manure crop. Briscoe said that a direct relationship existed 
between the organic matter added to a soil and the bacterial count, 
and that a light dressing of manure with green manure produced a 
marked increase upon both the yield of the crop and number of 
bacteria. Bacterial cultures added with the green manure gave just 
as pronounced an effect as did the stable manure. Lemmermann 
and Einecke, however, obtained no increase on adding stable manure 
with green manure. This may be due to the different kind of manure 
used, for Emmerich and others maintained that a more favorable 
effect was obtained from the use of well-rotted manure than from the 
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use of fresh manure. This, they maintained, was due to the pro¬ 
duction in the latter of formic, acetic, and butyric acid, indol, skatol, 
and hydrogen sulphid,wv'hich are toxic to the plant. Under some 
conditions, the large quantities of carbon dioxid liberated from the 
rapidly decomposing fresh manure may be valuable in rendering the 
plant-food soluble. Bornemann found that soil constantly supplied 
with carbon dioxid through a pipe buried in the ground gave an 
increase in yield of 12.2 per cent, over the crop grown on untreated 
soil. Wollny has shown that manure greatly increased the carbon- 
dioxid production in a soil. 

Ammonification and Nitrification.— Moll considered that the season 
of the year, and not the kind of fertilizer used, nor even the weather 
conditions, is the principal factor in determining the extent of pep¬ 
tone decomposition, nitrification, and nitrogen fixation of a soil. 
According to Wohltmann, Fischer, and Schneider, ammonification, 
nitrification, and nitrogen fixation were all more or less increased 
by the application of manure. Fleinze found that manure was 
especially beneficial to the nitrifying organisms. Warington reports 
that much more nitric nitrogen was found in the soil of plots which 
had received annually for thirty-eight years a dressing of 14 tons of 
manure to the acre than in any of the other manured or unmanured 
plots. Stevens found that nitrification was much more active in 
manured than in unmanured soil, but Frankfurt and Duschechkin 
observed an increase in nitrification only on those manured plots on 
which the yield had increased. Welbel lias shown that the chief 
factors controlling nitrification in fallow soil were the humus and 
the humus-nitrogen content, the nitrification having increased 
directly with the humus. He noted, however, a certain amount of 
denitrification at first, but later in the summer nitrification became 
more rapid on the jnanured than on the unmanured soil, the effect 
of the manure being still perceptible after four years. Some investi¬ 
gators have reported a reduction of nitrates, but the quantity of 
manure applied was excessive, or else of a very coarse nature, or the 
soil poorly aerated. Barthel found that nitrification did not take 
place in the presence of soluble organic matter, but he considered 
it unlikely that sufficient quantities of soluble organic constituents 
occurred in normal agricultural soils to interfere greatly with nitri¬ 
fication. Niklewski maintained that nitrification occurred in solid 
stable manure when there was not much liquid present. He stated 
that on the first day some nitrite bacteria were present and at the 
end of four weeks there were 10,000 in each gram. Associated with 
these were nitrate bacteria which were identical with those isolated 
by Winogradsky. Millard, however, was unable to find many nitrify¬ 
ing bacteria in manure. 

Loss of Nitrates.— Many of the cases in which individuals have 
reported a disappearance of nitrates in soil are due to synthetic 
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up to 20 inches increased the binierial fsiiiiii, fin' im remo- being 
most iiotieeal>le in the soil rec’eiving the grisiiehi f|ii<siitit;- of luaiiiirm 

If the ammonifying power of tin* iiiiiiiiiniiris! is efindilrred 
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as 100 per cent, and that of tlie imirrigatcd as 100 per cent., the 
manured and irrigated soils then become witli 5 tons of manure, 147 
per cent.; with 15 tons of manure, ISS per cent.; 5 inches of water, 
106 per cent.; 10 inches of water, 117 per cent.; 20 inches of water, 



Fig. 23.—Diagnirn showinj? the influence of manure on the yield and bacterial activi¬ 
ties of a soil. The uninanured soil is expressed as 100 per cent. 


108 per cent. Large quantities of irrigation water produced the 
greatest depressing effect in the presence of 15 tons of manure to the 
acre. 

Fewer organisms develop on synthetic agar from a cropped than 
from a fallow soil. The application of manure to a cropped soil 
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increases the bacterial count of the soil. The greatest number of 
organisms developed from the soil receiving 10 inches of irrigation 
water. 

The ammonifying power of the cropped soils was slightly lower 
than similarly treated fallow soils. The application of 5 and 15 
tons of manure on each acre increases the ammonifying power of the 
soil. The application of irrigation water up to 30 inches increases 
the ammonifying power of the soil. The greatest-increase resulted 
in those soils receiving 15 tons of manure to the acre. The applica¬ 
tion of 40 inches of irrigation water to corn land, especially to that 
receiving 15 tons of manure an acre, depresses the ammonifying 
power of the soil. 

The nitrifying power of fallow soil was higher than similarly 
treated cropped soils. The application of manure to a cropped soil 
greatly increases the rate of nitrification. The application of irriga¬ 
tion water up to 30 inches, especially to a soil receiving 15 tons of 
manure, greatly increases its nitrifying power. 

Greeii manures are rapidly taking the place of bare fallows in all 
of the better s}^stems of agriculture where the rainfall will permit of 
the practice. The practice of green-manuring consists, essentially, 
of the turning under of green crops for the benefit of succeeding 
crops. In addition to the various legumes, which are preferred on 
account of their ability to take nitrogen direct from the air, crops 
like rye, wheat, oats, buckwheat, mustard, rape and even turnips 
have been used more or less extensively as green manures. 

The plowing under of green manure produces either a beneficial 
or miurious effect, depending upon the nature of the soil to which it 
is applied, the kind of manure added, and the season of the year 
when applied. Some of the beneficial influences noted are: 

1. They carry to the soil large quantities of organic matter which 
on decaying yield humus, and this in turn changes materially the 
physical and chemical composition of the soil. Schultz started in 
1855 on an extremely poor, coarse-grained, sandy soil, and gradually 
improved it by the use of lime, phosphoric acid, and potash in con¬ 
nection with such green-manuring crops as lupines, serradella, and 
field-peas, until he could produce three hundred to four hundred 
bushels of potatoes to the acre. Neale noted a marked gain in the 
yield of corn when crimson clover was used as a green manure. He 
believed the nitrogen thus applied to be much more economical than 
when nitrate of soda is used. For sandy soils the results of Delwiche 
would indicate cowpeas, hairy vetch, soy beans, and crimson clover 
to be best, and Pfeiffer’s results indicate that it is the open, sandy 
soils which give the best results with green manures. The actual 
effect produced, however, varies with the time of application. 
Bassler recommends that where lupines, serradella, crimson clover, 
and hairy vetch are used for green manure on sandy soils they should 
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be turned under as late as possible in the life of the plants and not 
in the hot summer when the plants are green. This agrees with the 
findings of Causemann who recommends that they be turned under 
late in September. It has been observed by Bredemann that the 
addition of organic matter, such as hay and sugar, produces a harm¬ 
ful effect the first year and a beneficial effect the two following years. 

2. Green manures change the number and kind of organisms 
occurring in the soil. Hill found the total number of bacteria in 
soils treated with green manures to be much greater than in those 
receiving no green-manure treatment. Legumes gave in most cases 
a greater increase than non-legumes. Miintz considers the value of 
green manures pro})()rtional to the rapidity with which their nitrogen 
is converted into nitric nitrogen. Ileinzc, on contrasting stall and 
green manures, found that the latter carried but few organisms which 
would break down the insoluble material. The decomposition of 
green manure w^as found to be due to dust organisms and to organ¬ 
isms found in soil. For this reason the number and kind of organisms 
in a given soil determine in a great measure the influence of green 
manures on succeeding crops. Decomjjosition is ra})id in an open, 
sandy soil rich in bacteria and relatively slow in a soil })oor in bacteria. 
In an open, sandy soil the nitrogen of the green manure may pass 
over into nitrates and be washed out, whereas in a heavier soil the 
nitrogen becomes available more slowly and is not washed out so 
rapidly. For this reason in heavy soils green manures often give the 
best results the second year. 

Koch thinks the good effects produced when green manure is 
added to stable manure may be due to an increased nitrogen fixation 
by jlzotobacter, the organism using the cellulose of the manure as a 
source of energy; whereas I leinze considers that the results which he 
obtained from studying the action of carl)on bisiilphid on soils may 
help us to understand the ])eculiar effects produced at times by the 
turning under of mustard, buctkwheat, rye, and other non-legurninous 
crops. It has been notcxl rei)eatedly that these crops when plowed 
under in a green states lead to a l)etter growth of the following cereal 
or root crops on nitrogen-])oor soils. As Ileinze })oints out, there 
may have been more or less justification for this belief, so far as the 
indirect influence of mustard is concerned. It would seem at times 
that the action of mustard is not unlike that of carbon bisulphid in 
affecting the })acterial flora of the soil, and it really appears from 
facts already known that the green mustard substance in the soil 
retards the development of the acid-forming spc(*ies and encourages 
the growth of the nitrogen-fixing Azotobacter species. Ileinze, 
therefore, thinks that further study may enable us to make extensive 
use of mustard as an indirect source of (tombined nitrogen, and tries 
to find theoretical sui)port for this }>elief in the fact that allyl 
isothiocyanid mustard oil, C3H5 — N = C = S, which is a constit- 
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uent of the mustard plant, may be regarded as a derivative of 
carbon bisulphid and probably would have a similar influence upon 
the soil microfiora. 

3. The growing of a crop during the season of the year when the 
heavy rains would wash much of the nitric nitrogen beyond the 
roots of the plants prevents this loss, for the nitrogen is stored in 
the body of the plants and is later liberated by decomposition for 
succeeding plants. 

4. The growth of the legumes may actually lead to an increase in 
the nitrogen of the soil. The method, extent, and conditions under 
which this occurs is considered in detail in later chapters. 

The results, however, following the use of green manures are not 
uniformly beneficial, for the following ill effects have at times 
followed its use: 

1. The physical condition of the soil may be injured. It becomes 
too loose and open, decomposition being thereby decreased and 
leaching increased. This was probably the reason why Brown did 
not always find an increase in the bacterial activities following the 
application of green manure. This is also true with regard to the 
work reported by Laurent. 

2. Engberding, studying the effect of straw and sugar upon the 
number of bacteria in the soil, found at first an increase, followed by 
a decrease. The ammonifying and nitrogen-fixing groups of bacteria 
showed an increase, but the nitrifying group was retarded. 

Fischer, in his paper on the changes undergone by nitrogen in 
sandy and clayey soils, offers an explanation for the loss of nitrates 
in a soil to which carbohydrates have been added in the following 
reaction: 

24 NaNOa + 5 CeHiaOe = 24 NaOH -f 12 N 2 + 30 CO 2 -+■ 18 H 2 O 

The oxygen of the nitrate is used by the ferments for the oxidation 
of the carbohydrate and the nitrogen is liberated as a gas. 

Frankfurt and Duschechkin state that green manure under field 
conditions caused a diminution of the nitrate content. Both legumes 
showed this effect, but they consider it as due to the action of the 
manure upon the soil moisture. 

Stevens and Withers give two reasons why the activity of nitrify¬ 
ing organisms, in pure culture under laboratory conditions, cannot be 
compared with their activities under conditions in the field: (1) '' In 
mixed culture their symbiotic and physiologic relations are so 
different from those obtained in pure cultures that their metabolic 
processes are with difficulty expressed;’' (2) ^'the presence of large 
amounts of solid matter, sand, or earth, in contact with the liquid 
medium, so alters its relation to the nitrifying organisms that their 
physiologic activities and metabolic products are different.” These 
authors say in conclusiopi; light of the facts set forth, the 



LOSS OF NITRATES 


159 


direct application of Winogradsky’s conclusions to the field must be 
abandoned and with them any practices based upon them, and the 
activities of these soil bacteria must, in the future, be studied more 
largely under their natural environments.” 

Lipman, commenting on these earlier views, believes that ^^thc 
exact relation of organic matter in the soil to the activities of nitrify¬ 
ing bacteria is but beginning to be properly understood. Earlier 
observation made it manifest that hea\^ applications of animal 
manures, or green manure, may not only retard nitrification but 
may actually cause the disappearance of a part or of all of the nitrate 
in the soil. Subsequent experiments by Winogradsky and Omelianski 
showed that in pure cultures the presence of even slight amounts 
of soluble organic matter may depress or even suppress the develop¬ 
ment of the nitrifying bacteria. It was, therefore, concluded by 
these authors that relatively small amounts of soluble organic 
matter may inhibit nitrification. These conclusions, based on the 
study of liquid cultures only, were given a very broad application 
by many writers on agricultural topics. More recent experiments 
make it certain, however, that in the soil itself small amounts of 
soluble matter, for example, dextrose, are not only harmless but 
may really stimulate nitrification. It was shown, likewise, that 
humus and extracts of humus may, under suitable conditions, stimu¬ 
late nitrification to a very striking extent.” 
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conditions, the numbers are far below the number actually occurring 
in the soil Some of the reasons for this are as follows: 

1. Even many of the peptone-decomposing bacteria fail to grow 
on the gelatin plates. This may be due to overcrowding or to the 
sudden change of conditions and the resulting osmotic disturbances. 

2. The nitrifiers do not grow on the ordinary organic laboratory 
media; moreoA^er, they have not been found in soil in sufficient 
numbers to occur on plates dilute enough to show the more abundant 
organisms. The nitrogen-fixing organisms-—both symbiotic and 
non-symbiotic—usually occur in soil in too small a number to be 
noted by the ordinary plate method. 

3. The strict anaerobes which occur in soils in vast numbers do 
not grow on the gelatin plate under the ordinary conditions of 
aerobic culture. 

4. No medium yet devised resembles the soil in composition and 
structure, and hence the plate does not necessarily reflect the flora 
active in the soil. Moreover, it is impossible to tell which of the 
forms developing on the plate are active and which are spores in the 
soil. 

A third method for the determination of the bacteria in the soil 
is the direct microscopic count. This method, however, has not 
been used sufficiently as yet to permit a conclusion as to its relative 
value. 

Value of Bacterial Counts.—The methods for determining the 
number of bacteria in soil are admittedly faulty; yet they have the 
advantage of showing whether the number is high or low and whether 
they are increasing or decreasing. The counts show fairly accurately 
whether any given treatment of the soil has raised or lowered the 
number of bacteria in the soil. But numbers alone furnish only 
meager information, for, as pointed out by Remy, the number of 
colonies of aerobic soil bacteria appearing on plates show no direct 
relationship to the ammonifying, nitrifying, or denitrifying powers 
of the corresponding soil. Lohnis is even more emphatic than Remy 
in designating mere quantitative methods as untrustworthy. He 
points out that it is quite possible that two million very efficient 
ammonia-producing bacteria present in 1 gram of soil will accomplish 
more work than five million less efficient ones will in another soil. 

This same principle is brought out by Chester when he states 
that a soil may be low in the total number of bacteria, but contain 
such a bacterial flora, or combination of bacterial species, which 
are known to be favorable to the rajid digestion of plant-food, as 
to give it what might be termed a high bacterial potential. In other 
words, he holds that we should consider not alone numbers but also 
physiological efficiency. 

Number of Bactetia in Soil.—The number of bacteria, as deter¬ 
mined by the plate method, in good arable soil well supplied with 
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organic iiialter usually ra.iig(‘S Iroiii thn^ci 1o lorty niillioii. Uglif , 
non-poroiis soils, as well as alkali and soils low in huiniis 
moisture, yield low ba-cterial (•f)un1s. 

The number of microorganisms in light, sandy, vary tight clay'^ 
desert and forest soils is usuaJI\' much smaller, o{,lH*r things beiiigC 
equal, than in nonnaJ cultivat(*(l soils. <hiltivation of soils tendr'i 
to increase greatly the numb(‘r of ba.ctc‘ria. Tin* av(*rag(t of scweral 
hundred determinations made*, on (!ultival(*d soil of the arid region:^ 
gave abacterial count of 4 , 402 , 000 , wher(‘as tin* av<*rage of a siiriilirr 
number of samples taken from adjoining virgin soils was 2,270,01 M K 
Factors Influencing Number.- ()]>t,inmm moistnn*, organic* mallear 
and aeration tend to increase* the number as d<«*s also the addition 
of sugar and certain antiseptics: 

lunnlHT affer .”)() ilaya. 

Srul tn-uf_(*(l with *«*.'•*. 



( oiifrcl Hoil, 

njilHoijH per ^'rain. 

Can(‘ Hn|>;ar fp. 25 p(‘r . 

, . 21 

51 

Amyl alcohol (0.1 jxt coni.; . 

. . ;u) 

85 

Pluinol (m/200 per kilo) . . , 

. , 27 

101 

Hydroquiiione (ni/200 kilo; 

. . 10 

.55 


There is a direct relation hc'twecai the nnml)f*r of bac‘teria fouiul 
in the soil and the quantity of organic manure* addchl. This is- 
illustrated in results ohtaiuthi by tin* author and giv(‘n in tabular 
form below, dlui unmannn‘(i soil is takc'n as 100 ]M‘r c(‘nt. 


Tr(‘at incut. 


f Jrfjppcd fnoi 1 

No manure . 

. 100 

100 

5 lonH of manure 

. 144 

12:1 

J 5 toiiH of iiK'inure . . . , 

! 7 T 

I 29 


llu! aeration of the* soil cd’tcii i!H‘n‘aM*.s manyfold tln^ miitibcr of 
ba<‘teria., and according to C'onn th(* gr(‘at(‘st mmH‘rical iu(‘r(‘u>.i* 
o(*(*nrs in th(^ group of n(»n~s])ore-forming bacteria. 

IIk* nurnlxu* of l)act(‘ria foiuid h\ tlic soil vari(‘s (*onsi(h‘ral dy 
with the season of the y<‘ar. A very interesting plu'nonu'iion, not <"< I 
l)y Conn and eonfirined by I5rown, wits that tlie rjiimbc*!’ of l)aetc"ria 
in soil in(‘r<‘as(i on fn*(‘zing. ddiis faet is illnstrate<l in tin* followiiigc 
table from the work of Conn. In it arc list(‘(l a s(*ri(*s of gc'hitiii- 
plate counts made* from a single soil platf* at intervals thronglicml 
the course of thnx! y(*ars. 

During the threes y<*ars ov<*r which the sampliiig was conduct 
the plate (‘ount of non-spore-form<*rs varied from o^OOtkOOO tfj 
44,()()()/){)0 per gram, whenais the spond’oianing bactcada a lie I 
Actinomyeetes varied only from .'b2tH),6fKI t(» 16, 000 , 000 . ITii- 
increase which oe(‘urs during the winter is ifi tin* slow-growing 
ba<*teria and not in those* whicdi lir|U(*fy gelatin rapidly or in tint 
Actinomyeet(;s. (’onn tric‘s to a,ec'ount for the not(*d ])lHmomcaHm 
hy assuming two groups of bacteria winter and summ(*r ba(*tc‘ri;i. 
The latter, he thinks, ]>n*vent the fornn*r from multijdying rapidly 
in warm weather. lienees, the increase in the froz(*r]i soil is due to tin* 
depressing effect of the (*ol<l u]K)n the .summer haeteria. There 
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however, the possibility that the freezing breaks up the clumps of 
bacteria and the noted increase is apparent and not real. Little 
relationship has been found between the moisture and cropping of a 
soil and the bacterial count. 


Date. 

Moisture 
content. 
Per cent. 

Number of colonies per gram of dry 
soil. 

lienmrks. 

N on-spore-form¬ 
ing bacteria. 

Other colonies— 
spore formers and 
actinomycetes. 

Nov. 24, 1911 . . 

25.0 

22,500,000 

5,500,000 



Jan. 13,1912 . . 

40.0 

28,500,000 

7,500,000 

Frozen 

8 days. 

Jan. 23, 1912 . . 

37.0 

31,000,000 

9,000,000 

Frozen 

18 days. 

Peb. 13, 1912 . . 

43.0 

11,000,000 

10,000,000 

Frozen 

39 days. 

Mar. 1, 1912 . . 

37.0 

20,500,000 

6,500,000 

Frozen 

57 days. 

Apr. 24, 1912 . . 

23.4 

18,000,000 

4,500,000 



May 6, 1912 . 

40.0 

20,000,000 

9,000,000 



June 5, 1912 . . 

20.4 

19,200,000 

4,500,000 



Sept. 23, 1912 . . 

22.5 

28,500,000 

10,500,000 



Oct. 25,1912 . . 

24.5 

14,500,000 

5,500,000 



Dec. 3, 1912 . . 1 

26.2 

28,500,000 

6,500,000 



Jan. 15,1913 . . , 

39.5 

14,000,000 

6,000,000 

Frozen 

7 days. 

Peb. 5, 1913 . . 

' 22.0 

22,300,000 

7,700,000 

Frozen 

4 days. 

Peb. 14,1913 . . ' 

: 26.2 

44,000,000 

10,000,000 

Frozen 

13 days. 

Mar- 11, 1913 . . ; 

I 38.8 

22,000,000 

7,000,000 

Partly frozen. 

Apr. 4, 1913 . . 1 

1 22.8 

19,300,000 

7,700,000 



July 10, 1913 . . 

17.0 

16,800,000 

5,200,000 



Nov, 26, 1913 . . 1 

i 21.5 

11,800,000 

4,200,000 



Dec. 15, 1913 . . i 

1 19.6 

7,800,000 

3.200,000 



Jan. 16, 1914 . . 1 

31.2 

15,500,000 

3,500,000 

Frozen 

9 days. 

Jan. 30, 1914 . . ! 

24.6 

26,000,000 

7,000,000 

Thawed 1 day. 

Peb. 7, 1914 . . ; 

27.7 

22,700,000 

7,300,000 

Partly frozen. 

Peb. 26, 1914 . . 

32.0 

31,000,000 

7,000,000 

Frozen 21 days. 

Apr. 15, 1914 . 

20.0 

13,700,000 1 

7,300,000 



Apr- 29, 1914 . . ' 

20.0 

11,800,000 

4,200,000 



Auff- 7, 1914 . . ; 

9.0 

5,000,000 

4,000,000 



Auk. 19, 1914 . 

20.0 

18,000,000 

4,700,000 




The number of organisms in the soil vary greatly with the depth. 
Due to the lack of moisture and the germicidal action of light, the 
number of bacteria in the uppermost inch or two of soil is lower than 
in the layers of soil inamediately below. Beyond the depth of eight 
or nine inches, the number diminish rapidly, and in bumid regions 
the number below two feet is extremely low. This is illustrated by 
results reported by Chester: 


Depth. 


Number of colonies. 


2 inchfjs 
4 inches 
6 inches 
12 inches 
18 inches 
24 inches 


981,000 

1,632,000 

1,623,000 

73,000 

21,000 

4,000 


The conditions, however, are quite different in the arid regions 
where we have the slow formation of clay substances in the soil, 
and, therefore, the absence of the cementing substances in the soil 
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This results in greater aeration, and hence often ideal conditions 
for bacterial gro\vth to a great depth. Moreover, the roots in search 
for water penetrate to a great depth in the soils of the arid regions. 
This results in an aeration of the soil and the supplying of organic 
matter to bacteria at a great depth. Lipman found the ammonify¬ 
ing organisms at all depths to the tenth foot and at times the nitrify¬ 
ing organisms to a depth of eight feet. The nitrogen-fixing organ¬ 
isms seldom occurred below the third or fourth foot. I have found 
great numbers of bacteria in both dry-farm and irrigated soils of 
the arid regions in the second and third foot. The average of several 
hundred such determinations is given below: 


Number of colonies. 

Depth. Irrigated soil. Dry-farm soil. 

1 foot. 6,240,000 4,372,000 

2 feet. 1,760,000 1,267,000 

3 feet. 1,147,000 1,174,000 


The larger number found in the irrigated soil is due to the pres¬ 
ence of a better supply of organic matter and not to the moisture 
supplied. 

Kinds of Microorganisms in Soil.—The work so far done in this 
field clearly establishes the fact that soils have a definite bacterial 
flora as do water and cheese. The work done on the soil so far is 
meager and has been carried on by a few investigators—Hiltner and 
Stormer in Germany, and Chester, Harding, and Conn in this 
country. By far the best and most extensive piece of work is that 
of Conn, and it is on his work that the main points of the following 
are based. 

Hiltner and Stormer found that normally soil contains 5 per cent, 
of liquefiers, 70 per cent, of non-liquefiers, and 20 per cent. Strepto- 
thrix. The 5 per cent, liquefiers include the 5. suhtilis and Ps. 
fhwrescens groups. Chester showed that the relative abundance of 
these three groups is nearly constant in normal soil and that any 
external influence which disturbed the equilibrium of the soil flora 
would be indicated by a change in the relative abundance of these 
three groups. This conception of the soil microorganisms as being 
normally in a state of equilibrium has proved of considerable value 
in interpreting soil phenomena. 

Conn divides soil bacteria into the following groups: 

1. Spore-producers 

2. Non-spore-producers 

Liquefaction rapid 
Liquefaction slow or none 
Rods 

Yellow chromogenic 
Non-chromogenic 
Cocci 

3. Actinomycetes 


'' Rapid liquefiers’ ’ 

''Slow growers” 
Actinomycetes 


1 
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lie found the relative number of these organisms occurring in 
soils to he as follows: 

1. From 5 to 10 per cent, spore-formers (the B. group). 

Nearly all the colonies of these bacteria, however, seem to come from 
spores instead of from active organisms. 

2. Under 10 per cent, rapidly liquefying, non-spore-forining, 
short rods with polar flagella (principally Ps. fliiorescens). 

3. From 40 to 75 per cent, slowly liquefying or non-liquefying, 
non-spore-forming, short rods. 

4. A few micrococci. In cultural characteristics these are almost 
identical with the last mentioned group. 

5. From 12 to 50 per cent. iVctinomycetes. 

The most abundant spore-formers found in the soil and described 
by Uonn were B. megatheriavi I)e Bary, B. inijcoides Fliigge, B. 
cereus Frankland, and B. simplex Gottheil. 

“B. megatherium De Bary, 1884.—This species is to be distin¬ 
guished from B. mycoides and /i. cereus by the larger average size 
of its spores, by its poor growth in liquid media, its failure to grow 
in the closed arm of fermentation tubes of dextrose broth, and by 
its comparatively slo^ liquefaction of gelatin. 

^‘Morphology.—Very young cultures (under twelve hours) consist 
of large rods about 1 to 1.5 ^ in diameter and about 3 to 6 ^ 
long. They often occur in chains with connecting threads be¬ 
tween the rods, resembling strings of sausages. In older cultures 
the rods generally become swollen and are sometimes full of highly 
refractive globules (fat drops?). One of the most distinctive 
characteristics is the presence in cultures a day or more old of 
large ovoid bodies about 2 by 4/x in size, which seem to have 
heavy walls and stain much more lightly than the young rods. 
Only the young rods are motile, and they are not vigorously so. 
The flagella are difficult to stain, and the best preparations made 
show comparatively few flagella on each rod. Spores are formed in 
the center of the rods and immediately become free from all trace of 
the sporangium wall. They are oval to ovoid (or occasionally 
reniform) and vary considerably in size, from 1.3 to 2 ^ in diameter 
and from 1.5 to 3 At in length, both extremes often occurring in the 
same preparation. 

“Cultural Characteristics.—Growth in broth flocculent or none, 
with no surface growth. Gelatin colonies under 10 mm. in diameter, 
center white, opaque, flocculent or granular, surrounded by a clear 
liquefied zone. Growth on agar streak cultures smooth, soft, glisten¬ 
ing, cream-color, typically with minute drop-like areas of lighter 
color. 

“Physiology.—The typical group number is B. 111.44420?4. As 
indicated by this group number, there is ordinarily no growth in 
sugar and glycerin broths. This does not mean, however, that no 
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acid is produced from sugar or glycerin. Some cultures have pro¬ 
duced growth and have acidified one or even all of the sugars. This 
suggests that the irregularity may be due to the poor growth in 
liquids, tested on ‘^slants’' of litmus agar, in fact, B. megatherium 
has been found to produce acid from dextrose and sucrose quite 
regularly. Similarly, its poor growth in broth raises a doubt as to 
whether the second figure of its group number (denoting it to be a 
strict aerobe) may be correct; for it grows so poorly even in the open 
arm of a fermentation tube that its failure to grow in the closed arm 



OOOOOOO 

Fig. 24.—B. megatherium. X 1000 diameters. (After Conn) 


does not necessarily prove its inability to grow in the absence of 
oxygen. It is also possible that its failure to reduce nitrates may 
be due merely to the fact that it grows poorly in nitrate broth. 

“B. mycoides Fliigge, 1886."-This is the most easily recognized of 
all the soil bacteria. It can readily be distinguished by its rhizoid 
growth on agar. 

'"Morphology.—Young cultures consist of rods about 0.8 to 1.3 by 
2 to G At. They occur in long chains which often lie parallel and 
show false branching, an arrangement which gives the colonies 


c. lOOOO 
0 0 0006(5 

Fig. 25.—B. mycoides. X 1000 diameters. (After Conn) 

their rhizoid structure. The very young rods are apparently 
slightly motile, but no success has been obtained in staining flagella. 
Gottheil describes several peritrichic flagella. In older cultures, 
highly refractive globules that do not take ordinary stains (probably 
fat drops) appear within the rods, particularly if growing on dex¬ 
trose agar, sometimes causing the rods to swell to extremely large 
size and to lose all resemblance to their original form. The lightly 
stained ovoid bodies that characterize B. megatherium have never 
been observed. Spores are borne centrally and the remnants of the 
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sporangium wall persist for some little time at either end of the 
spores. Spores are oval to cylindrical 1.0 to 1.6 by 2 to 2.5 ix often 
in fairly long chains. 

‘‘Cultural Characteristics.—Growth in broth vigorous, flocculent, 
with no persistent surface growth. Gelatin colonies rapidly liquefy¬ 
ing, filamentous to rhizoid. Growth on agar streak rhizoid, mostly 
beneath the surface of the medium. 

“Physiology.—The typical group number is B. 121.23230?2. It 
shows less variation than does the group number of B. megatherium, 
probably because B, mycoides grows better in the media used for 
making the tests. The same acid reactions are obtained in broth 
culture and on litmus agar. 

“B. cereus Frankland, 1887.— This type can be distinguished 
from B. megatherium by the smaller size of its spores and by its 
more vigorous growth in liquid media, and from B. mycoides by the 
absence of rhizoid growth on agar. 
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•Fig, 26.—B. cereus. X 1000 diameters. (After Conn) 

“Morphology.—In morphology it is scarcely to be distinguished 
from B. mycoides. Young rods are 0.8 to 1.3 by 2. to 6 jci form¬ 
ing long chains, but unlike B. mycoides they are very actively 
motile and are easily shown to be surrounded with numerous flagella. 
Older rods are often swollen and contain unstained globules. Oval 
to cylindrical spores, 1.2 to 1.6 by 2. to 2.5 ju, are produced cen¬ 
trally, retain the remnants of the sporangium wall for a short time 
and often cling together in chains. 

“Cultural Characteristics.—Growth in broth vigorous, with uniform 
turbidity, sediment and a surface pellicle. Gelatin colonies quite 
large, ordinarily round, with entire margin, and covered with a 
pellicle that generally shows concentric rings, although under some 
conditions the colonies are filamentous and resemble those of B. 
mycoides. Growth on agar streak raised, ordinarily rugose, soft 
to membranous, generally dull; never rhizoid or beneath the surface 
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of ihc iiHMlin'ni like* //. nnjnEnlr,^ or full uf rlrar <lni{>“likf arra liki* 
/>. )f}C(j(ilhvrhi}u. 

“Physiology. I1i<* {ypica.l groiip niimlHa* i.-. IIn‘ ^ihh* :i , f kai for 
/>. itnjc(>i(!(\s, lo i2l althoui^ii c*o!is!<k*rai*lf‘ \ aria! ion ha 

l)(‘(ai (fl)seTvr(l, [)a,rfinniarly in (In* iirodiniinn of arid from iiaar 
and from glyccnin, !n (.Ik* c*arli(*r work, two mht\|){o uoro rrooa:- 
nizcid, hasing tJio clislinotion upon the* prodimtioii of aoid from 
gly(‘orin; hut. no siich di.^fin<'(ion is now roroi^iiizrd, luM-an o of liir 
in(!(msi.s((‘nt n*snl(s ohtainod in ro^’anl loaead prodiirfiou. lUwfro «* 
is alwa.ys a,(*idifi<‘d hytliis orpinisni; snoro^e' i.->pa:eiiorall\ acitlitiod; 
glyexsrin loss rn*cjiK*nlIy, and laotoso \a*r\ "okhan. A train fliaf 
acidilic^s kiclose* ha.s alway.-^ hoem found to prcHliin* aoid fnuii all 
tlinx; of tlKM)( liar compounds. Tho prodnotiott i»f arid fi'oin 1 ;h1o r 
may l)ct a, hollea* basis for S!il>di\ idiny thr t\ {»r than arid prodiiriiofi 
from glyorrin. Out of IhO riilturrs stndird, Ih aridiflrd knio r; 
hut it srrms iinwisr to ronsidc*r (hrm as eam-.titiuinLi a rparafr 
spo<*i(;Sj in viewv of thr variation fliat has !>rr!i foiiiid wiini isiilfirr,. 
luivr Ik^oii n*1rh(ocl. 

“Altliough many of (hr spe>rr-formf‘r.. an* arfiir aminojiifior in 
solution ami orriir in soil,^ in romparativriy laryr iminf 
it is (louhtfiil if thfy play any \rry impeulanl roir in oil frrfililw 

“Altlion^is of ronsidrrahlr impoiianrr, rxrrpt f«u’ f hr nil rififu*. and 
some otlica* organisms c'oiirrrnrd wit h i lir f raiiA'ormal ion of nit roario 
scant considcra.lion has lu'cn givm !(» an\ iioit- fsorr forfniiiy har- 
teria, found it! soil/’ 

Ps. fhiorrsrrns which f^clongs pj fliis group i. droTihrd Ip’ i oim 
as follcAvs: 

“Ps. fluorescens (Fluggej Migula. llir mo:.4 .,iriking ohararirr- 
i.Htic of this type is its lliiorcscemrr, which is eihsrnrd in iu*oflo 
hccr““(s\tra,ot“»prptonr. agar, and somrtimr'-. in gcdatiii. \hiliiy N> 
produce* lluontst‘C’no(‘ is ofiett lo.st, liourvrr, and thru flir !\pr inn.a 
h<* rc*c*ogni7a‘d hy otlK*r chara(irri.4ics, surli as rapid lii|iirfari!i»fi 
of gelatin, iinihinu turbidity in hrotin rloudiy .4riirfiirrlr.s. colony 
in gelatin, mul ariel proelurfion from clrxfnr^y*. 

“Morphology. PocLs(l.-l to h.Klpv tPSto I .o micron An old rtilitirr.. 
nearly tint same shape ami size* as in young cailttirtw. Magrlla h lo 
Cp arrangeel in a dump at one pole. Motility great. Hoti-. do noi 
form ehains. 

“CulturalCharacteristics.^ C ukkI growthiu iuxeJi: mrunfavcgroiuii, 
imifonn turbidity, causing distimi eIoudiiif*ss of me«liiiiii; sriitifumi 
scant or none, (bjlatin eolonicts liquefying with groat rapidity; 
round to irregular in shape, ehmdy, striicturrlewn orradomdK 
fluorescent. (b*owth ein agar stn.*ak (uiltnrcs, siiiootlg .voff, gliPfUiing 
generally causing the medium to show a green fluorcM-ciirr. 

“Physiology.-^The typical group iiiimlwr i“. Ps. 21 i . t i2 h d. 
Fairly consistent results can be obtain<‘d in determining it-, group 
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number, although certain, variations occur. Occasionally there is 
no acid from dextrose. Some of the cultures reduce nitrates. The 
power of producing fluorescence is often lost. These variations may 
indicate the existence of separate species that are now grouped 
under this one head.” 

Actinomyces from 12 to 50 per cent, of the organisms found in 
soil are the Actinomycetes. This genus, the Actmomyces Harz, em. 
Gasperini, is characterized by the possession of a mycelium composed 
of hyphpe which show true branching, like those of the higher fungi 
(seldom measuring over 2 microns in diameter), and judging by 
their staining reactions resemble true bacteria in their protoplasmic 
properties. Their growth is not wholly within the agar or gelatin 
medium upon which they have been inoculated; for when condi¬ 
tions favor, an aerial mycelium is produced. In the aerial mycelium 
'‘conidia” are formed. These conidia are sometimes round, some¬ 
times oval, and sometimes rod-shaped. They resemble bacteria 
closely in size, shape, and staining properties. They are generally 
between 0.6 and 1.5 microns in diameter, and if oval or rod-shaped, 
between 1 and 2 microns long. They stain readily with ordinary 
bacterial stains, and in a microscopic preparation which does not 
contain any hypha', often cannot be distinguished from true bac¬ 
teria. In many cases deep-stained granules show at the poles, 
strongly suggestive of the metachromatic granules of the diphtheria 
organism. According to Sanfelice, some of the actinomycetes are 
acid-fast like the tubercle organism. The diphtheria and tubercle 
organisms, moreover, sometimes produce branching forms, and some 
writers place these two organisms in the same group with Actino¬ 
myces, 

The growth of actinomycetes on solid media is very characteristic. 
The mass of growth is generally of a tough, leathery consistency, 
sometimes smooth, sometimes wrinkled, and often piled high above 
the surface of the medium. Often the mass is brilliantly col¬ 
ored, and the color produced varies greatly with differences in the 
composition of the medium, but with constant composition of the 
medium, the color of the growth may be characteristic of the species. 
The aerial mycelium, often produced above this growth, may also 
be brilliantly colored and of an entirely different color from the mass 
of growth beneath it. Sometimes the aerial hyphse are short and 
give the growth a chalky or mildewy appearance; but often they are 
long enough to cover the growth with a light, delicate nap, 1 or 2 mm. 
thick. Some species produce pigments that diffuse through the 
medium, coloring it gray, yellow, brown, red, blue, or green. The 
color varies with the species and with the composition of the medium. 
It is not so definitely characteristic of the species as is the color of 
the growth itself or of the aerial mycelium; but with a medium of 
constant composition, the color produced is of considerable value 



170 


THE SOIL FLORA 


in the recognition of species. On gelatin there is less diversity of 
growth than on agar. The growth is generally gray, brown, or 
colorless; the aerial mycelium is often lacking, ami if present is 
white, gray, or colorless; and if the medium itself is colored, it 
generaliy becomes a reddish brown. 

The growth in liquid media is also characteristic. The medium 
remains clear except for small colonies that may sink to the bottom, 
remain in suspension, float on the surface, or adhere to the walls 
of the tube. The surface colonies often grow together and become 
covered with a mass of aerial mycelium, sometimes forming a firm, 
wrinkled membrane that strongly suggests the surface membrane 
of the tubercle organism growing on broth. Pigments are often 
produced in liquid culture, the pigment varying with the composition 
of the medium and vdth the species growing in it. 

Nearly all liquefy gelatin and ammonify proteid, Miinter main- 
taning that ammonification is their chief function. Nitrate reduc¬ 
tion has often been observed, as has the decomposition of cellulose. 
Some are animal pathogens, and at least one a plant pathogen. 
Other important physiological activities will undoubtedly be worked 
out when the technic for studying them is further developed. It 
is not impossible that they are as diverse in physiology as are the 
true bacteria. 

One of the most common characteristics of many members of this 
group is their peculiar odor. They have a pungent, musty odor, 
difficult to describe, but impossible to mistake after once having it 
brought to the attention. It is sometimes spoken of as an earthy 
odor, but it would be more correct to say that soil often has an 
actinomyces-odor, as the odor of the cultures is much stronger than 
that of soil, and the soil odor is undoubtedly due to the actinomy- 
cetes it contains. The odor seems to be associated with the aerial 
conidia, and does not seem' to be produced by cultures that do not 
possess aerial mycelium. Not all species of ActinoDiyces have this 
odor, however, even when an abundant aerial mycelium is produced. 

Various functions have been ascribed to the actinomycetes-™- 
ammonification, nitrate reduction, and cellulose-decomposition—but 
enough work has not been done to enable a definite statement as 
to whether these are their functions in the soil. Conn has demon¬ 
strated that the addition of grass roots to a soil materially increases 
this group of organisms and Waksman and coworkers consider 
that inasmuch as the actinomyces are strong cellulose decomposers 
and weak producers of ammonia their probable role in soil fertility 
lies in the formation of humus. 
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ral<*iinn ;ni«l niij!.ai<‘>i!nn ncrur in nil > niniiily ;i . rnrhonafr. iil- 
|>lKit(‘, sili<‘nl(\ and jr. fhr ralicni in fhr .nilf . of nriyniir a^id whirh 
ha.\ r n^siilh'd dni’ina; I la* hrrakiinx dounj uf I hr nni;a!iir {>ianl and 
animal rrsidnrs. 

Soil hartrria, in thrir lifr |)ror(‘SS(‘s art‘ ronlinnall\' funning* laritr 
{jnan(iti(*s oT (‘arhori dioxid, nitrous, nitrir, and nilplnirir ari(i, 
topn‘lh(‘r with or^'ani<’ arids whirh ant in thr main romhifird with 
ralrinm or inati:n<‘S!nni of thr soil, with fln‘ formation, oftmi, of a 
soluhlr rompotind. 11ir uafrrsrarry fhr;r to fht* lakr , <(‘as, and 
orcauis tlirrr to !)r takiai up hy marinr lifr. In tla* ro?ir r of limr 
l.lassct ant drpositrd as rural nads, rlialk rlifld, and marl f>rd>. At 
tim(‘S thr sprr<l with whirh tint liinct is takni from thr watno, h\ 
rtiariiH' liht is fast.rr than it, i:'» rarrird itilf) a. lakr hy if frilnifarir-. 
'FIh* rctsult. is that, in .'-.pifr of fhr rvaporadion and mnrrntration 
whirii is |j;’oinp^ on, thr main body of waiter ronlaitis Ir-,-, limr than 
d(H*s its tributaries;. This is th<‘ e*asr with Ihaar fadv<\ I tab, th«* 
(.ribuiari(\s of whirh ha\r an a.vrrayr limr roiifrnt of |l)|.7 pari . 
p(‘r million, \vtirn‘as thr lakr c-oijfains only l.‘k2 parts prr millimi. 

Calcium Carbonate. Thr los:s of rakahnn rarhonatr from a soil 
\atri(‘S\vith tl) tin* nndhodsf)f aynariilturr, intrnnr nirihod. iin-rra - 
inj; thr loss; fib with thr applicatfiem of animal inaanrr . and pu’rrfi 
mannnss, whiedi inrrrasrs tin; baedrrial a,<‘ti\ ity and al-.o thr :>oliibili!\ 
<d‘thr (‘alrium ra.rbonatr; fd; witli t !ir addition of rtaiimrrrial bi’fil- 
i/atrs achh'fl to a. soil whirh Ih'rdrn the’ hns of ralriimi in draina^i* 
wad.eu*. 

Tint rarhoii dioxid pnmrraird hy hartrria rrart^'. with fhr ralrinm 
rarhonatr forming tlir much mon* solnhlr ralrinm lurarhonait*: 
cer 

; f’u. ; no r'aniwo:,. 

Ammonium .snlplnitr rtssultiii| 4 ; edthrrfroni ammonilioation or freun 
the addition of a friiilizrr (diauf^no fhr ralrinm fnan an itiaoliddr 
to a sc>lul>kt form: 

(Xn4r.'Sn4 I itOaC’Of i ic>; c‘a. * CttSin ; iifs> , :a Oj 

iNIIurSca i 

Thr adelition of arid phospha.tr or potassium rhiorid aio* hrlfo 
deplete tint soil of its fxilrimii rarhouaten 

On-’ ■! ‘A'ni’iKi i « :a'0;. 

2 K(1 I raOCn - lyC'Oa ; CSa*l;r 

dlie absoluht amount of <*alrimfi and mai^ncoimn hot from a seal 
varirH with tlic; arielity e>f a. re.*|^ion as wrll as with the* esifiipeisition 
ol the soil. Hall exstiiaahrs that the annual hess freaii thr Hcdhain- 
sted Boll, which routaiim a!>oiit d jHjr e-rnt. of <'ah*iiiin eairhofials!, i.s 
from 800 to 1000 [amiuLs au ae.rre annually, whereas in Munr parts 
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of Scotland, where liming has been practised for some time, the loss 
is from 500 to 600 pounds. In this country, where liming is necessary, 
the farmers usually provide for a loss of 400 pounds an acre annually. 

Bacteria are also responsible for the restoration of varying 
amounts of carbonates. In the weathering of complex silicates, 
carbonates and silicic acid may be formed in considerable quantities: 

CaAUSioOs + CO, + 2 H 2 O = Al2Si205(0H)4 + CaC'Os 

According to Nadson, soil bacteria may cause the formation of 
calcium carbonate from calcium sulphate through the reacting of 
ammonium carbonate formed in the decay of protein substances 
with calcium sulphate: 

(NH4)2C03 + CaS 04 = (NH4)2S04 -I- CaC03 

Or even after the sulphate has lost its oxygen through the action of 
reducing bacteria, calcium carbonate may be formed through the 
action of carbon dioxid and water on the calcium sulphid: 

CaS + CO 2 + H 2 O = CaCOs + H 2 S 

Denitrifying bacteria may act on calcium nitrate with the forma¬ 
tion of calcium carbonate: 

2Ca(N03)2 + 2 CO 2 -> 2CaC03 + 2 N 2 + 502 

Calcium carbonate may also be formed in the soil due to the 
action of bacteria upon humates and calcium salts of simpler organic 
acids: 

(RCOO) 2 Ca = CaCOs + RCOR 

Cunningham has demonstrated that Azotohacter chrodcoccum is 
capable of growing in solution of calcium oxalate with the formation 
of calcium carbonate, as were also six other types of organisms 
isolated by him. The presence of oxygen is essential for the process. 
He considers that an equilibrium is set up by which the withdrawal 
of calcium carbonate is balanced by the results of another set of 
reactions which restores the base to the soil. This enables many 
soils which contain only very small quantities of lime to retain their 
neutral reaction and so to produce fair crops. This, however, is not 
always the case, as is witnessed by the acid soils occurring in many 
agricultural districts. 

Phosphorus.—Phosphorus occurs mainly in the form of the calcium, 
iron, or aluminum phosphate; in any" soil the quantity soluble is 
small. Moreover, as soluble phosphorus compounds are applied to 
the soil they become fixed as insoluble compounds. Plence, the loss 
through leaching of this element from the soil is small under any 
conditions. 
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‘^.riicre are also vaniii”’ amount s of ori;‘anif* phosplioru.^ in soil, 
lliis <)(‘(‘iirs in tli<‘ form of locitliin, |)lio>pl!o-”prolrins, and imrI(*o- 
■proteins. Liit.kj has dour to dricaanino tin* artion of haotiTia 
upon these (‘oinpounds, hut it is to lx* exfxa-tecl that they would lx* 
hydrolyzed hy ha,eteria as IIhw’ are by h*rments. 

Leeithin yic^lds on hydrol\^is i>;lyeorin, two moleoiiles of fatt\’ 
a,eid, }>hosphori(‘ acid, ami eholin: 

fV.-nB4xe()f, I .ina) * riiae : 

Ic'f'ilfiiii uafrr ulcif’' palniifif arid f';I.V*'rri'| 

HJau ! rj||..\o 

plio;-;|iiionr arid rfiolin 

ddui ]>Iu)Spho-pro1(‘ins yi(‘ld on liulrolysis amino«aeid*> and phos¬ 
phoric! a.ei(h winu'cais hydrolytic* (*l(‘a\diyu* pnHlma*^ from nneleo- 
prot(‘ins earhohydrates, phfjsphorie aeid, puria and pyrimidin ba-e., 
with the* inf(*rmediat<‘ formation of nm*l<‘in;s and nuc*Ieic* aeid, ds 
may I>c‘ r(‘pr(‘S(‘nf(xl la the hdlowin,!^ selieme: 
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S(*hetti‘nh(‘lm has shown tfiaf nearlv all of tin* nm*lein Mibnfaiieo- 
of lVe(*s disap]H*ar tficw undergo autoputrefaetiom lh‘ and 
S(diro(!t(‘r showcal that bac*t(*ria ma\‘ brini^ about a deep eleawa^^e of 
yeast mndeie arid. Ilen^n* showtxl tliat some baederia haxe the* 
power to licpud'y the scxliiim salt of niieleie arid from ih^mm-. 

It sciidns n*as(mabh\ therefore, to helie\e that plio.Hphtd*n> wcailcl 
lx* lib(‘rat(*d by soil fjaeteria in a soimwvhat similar manner. If i.-^ 
known tliat the hacderial flora of tin* soil pla\ a hiydily important 
rdlcMU nuidering tin* phospluaurt of the inorgaitie pliccsphates avail- 
a]>le to th(! higlau* plant. 

Brown found that tw'eha* out of fwcmty-three haederia isolaPxl 
from soil (*xc*rted a dedinite* solvent aedion ore diflieiiltly soluble 
plant-food. One* organism wliieli produec*d no gas but a large 
amount of aeid showed tin* greatest sc^lvent indion upon c'aleium 
carbonate, wheu'eas otluT organisrns wliieli produeexi gas largely 
(‘arljon dioxid'-duit not as mueh aeid as the former, gave an aedion 
more marked than that of the stronger acid-prcxluecT upon the 
diealeium and trieah*ium pliosphates, //. HuhfUl^, li. nujvtihtrH, 
JL yratem milgarw, and If, roll roriimwfvlH, as wcdl as se\‘eral agar 
cultures from garden soil, were fcniiid to be <‘apab!e of disscdving 
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the phosphates of bone and to a less extent that of mineral ]>hos- 
phates. The greatest solvent action was exerted in media (‘ontain- 
ing sodium chlorid, potassium sulphate, and ferrous sulphate. Even 
yeast may be important in dissolving phosphates. As suggested 
by Krober the life activity of the bacteria, that is, assimilation of 
phosphorus by the living organism, probably plays little or no direct 
part in dissolving the phosphates, but it is due to the action of the 
organic acids and of the carbon dioxid produced. 

The acids produced by bacteria act upon all phosphates, convert¬ 
ing them into the soluble monophosphate, but the rate of solution 
varies widely with the different phosphates. Tricalcium phos]>hate 
in precipitated form, dicalcium phosphate, and tetracalcium phos¬ 
phate of Thomas slag are much more rapidly dissolved than the 
crystalline or the so-called amorphous phosphates. The gencn'al 
reaction is as follows: 

2 R COOH + Ca3(P04)2-^CaoH2(P04)2 + (R COO)2Ca 

The reaction takes place most rapidly in soils containing large 
quantities of organic matter due to the active fermentation taking 
place in such soils. 

Grazia considers enzyme action to play a part in the dissolving 
of phosphates in soil, for he found the addition of chloroform to a 
soil reduced bacterial activity and decreased the acid produced, but 
at the same time the solution of phosphates was increased. This is 
in keeping with the finding of Bychiklin. 

The presence of ammonium chloride and sulphate in the cultural 
media is especially effective in increasing the solvent action of 
bacteria, according to Perotti, who considers the su(‘ccssive st(‘ps 
in the solution or decomposition of phosphorus comj)ounds by 
bacteria as follows: (1) generation of acids, (2) secondary reactions 
in the solution, and (3) production of a soluble phosphorus contain¬ 
ing organic substance. The first two of these are the n^sult of 
the activity of the bacteria on the phosphorus, and the hist is due 
to the metabolic assimilation of the microorganisms. 

The oxidation of sulphur by soil bacteria may at times geiun-ate 
sufficient acid to play a very important role in dissolving soil phos¬ 
phorus. Hopkins and Whiting, however, consider that the nitrites 
bacteria are of the first importance in rendering phosphorus and 
calcium soluble when they oxidize ammonia into nitrites: 

(NH4)2C03 + 302 = 2HN02 + H 2 CO 3 4* 2 H 2 O 

The resulting nitrous acid then reacts with the raw rock phosphate, 
rendering it soluble, thus: 

Ca 3 (P 04)2 4* 4HN0.. - CaH4(P(.)4)2 4 2('a(N(>,)-2 
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'riH‘ JM'lfiiil ratio foinid sIiow(‘(l that aland oik* pound of plao- 
pfionis an(i about fwo ]K)uiids of calciiuu an* iiiad(* solubio fr»r oaoh 
pound (»r nifro.uuui oxi<liz(‘(l, aside Fnun tin* aetifui of the acid radicals 
jissociab'd wifli tin* aniinonia. dli<‘ carbonic acid uould pla\ an 
imporfani pari-also in this r(‘aclion: 

ni'OO., i Cannoji- ZraUIfOj i falijU’o, 

1 In^y found Ilia! neatlH*r anunonia-prodnran^ bacteria nornifraic 
bacbuia Iib(*ral(‘(I appi*(*ciablc puantifics of soliibI(* phospborii* front 
insobtbic fihosphatcs. 

W hcrcas this waudd readily ocaair in soil poor in c-alciuni <'arbnnafc, 
in duKSc ri<*li in calcium carbonate* then* would be onh small (piand- 
ti(‘.s ol pliospliorns libcrafcd» af’cordiufi: fo Kelley, fbit u here the 
sohiblc phosphorus is bcin.u' rapidly namneal b\ flic LU-owin^' plant, 
or (‘ve‘n by bacte^ria, tluTe* is little* eloubl that tile* variems :o,i?eu*-'an- 
isms ]>la.y an impeuiant part in rc‘nde*rin,K plictsphorus soluble*, for 
n*;sults etbtainea! a,t flu* I’tah Hxpf‘rinH‘nt Stal ieui .sliou theu’c to be* a 
ndat ionship b(‘t\V(a‘n the* inenaaseal nit rifie’at ion proelue’cel I a \arioU'-* 
salts, and the* ejuantity ol w'uteu'-solubh* anel or|4’anie* ]dit»s|jhejrii;“. in 
.the* soil, d his is illustrated by the* iollowini; re*sidls uhicli i4'i\e‘ flu* 
nitrm nil.nt^em, \vate*r~solubl<* and oixanie- phersphonn. in a M)il aftea* 
various trcatmeaits, tin* untreaitcd soil beani; cemside*real as jlHl per 
fvnt 
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Morciover, it is evidcait that Azoiobacler in theur midalKiIism trans¬ 
form Boluble inorganic soil coiistituentH eather into sohfbh* or into 
insolul>!e organic forms. Tim is especially true* of phosphorus whicdi 
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is roinif! in tin* a nf {lir..i* un^’ani au ^ in ■■•urh lar^n* <1*1 i<' I 

{>hosf)ii(>rn-, nn tlaMlaal It of thr < uyani .in, w niild hr rri ijria I tn f la* 
sral in a rradil) aiatlahlr fnnn. for Stokla-a ha < fniui i thaf oU prr 
(•(‘lit. rf thr nitruirrn «#f fhc''“aM>rii^aiii an i nitriiir<I if liifi i\ttrri, , 
and Ihrrr U no rra-nn for h<‘lirunL: thaf fhr pliO'.pliuni lumld hr 
lihrrafrd tnurli na>rr -dowly. dlaai tla-rr i . tin* . ahllif \ f hat {nan; 
nf tlu" r( HI-4 it lirnt ■: nf f hr harfrrial rrll nia\ hrrnfur a\ai!ahl«', 
tlimnydi fhr artinii of aiit(jl\ti<’ rn/,ynn‘s wifhnsit thr infrr^ rnlinn 
nf nt lirr hartrria. 

It {.' furl lirr r\idriit fliat an nryauiiarn u'hirli pu r. r, ihr pmirr. 
u'hrfi ; 4 TnuiiiLr uiidrr appmpriafr (’fanlitinn s nf la'iirratifip Iiiiir 
its «>uai hnd\ u'riylif in rarhnn «ii<i\id durinit t\\‘rnt\ fntir limir * a 
(lnr'« thr J::n/r#//ar/M’. nin 4 irrratl} rliaill^r fhr rninpn .if inn f>f flir 
inrdia in w hirh if i'- Lrrnuinip \Vat<*r rhaiy^nd with rarhfai d!n\id 
i'. a Ufii\rr'n‘d nl^rnt and will attin*h r\f*n ordinal;^ qiiarl/ mrl. 
(iranifr atid mrlr- rrlatrd tn il an* rathrr fjiitr|d\ aflarla'd, with tlir 
lihrratinn nf p<ita dinn and ntfirr rlnnrnt a f hirlraiatrtl uafrr 
uaaild art iipnn thr triralrimn plm phafr nf flir ■inil with thrfnrnia 
finn nf liinrr rradily -inhililr pliu-.pliatr . fj^r fhi-> 'atif-fanri'- i. fniir 
tinir*.a- -.nliihlr in wa4rr rl}arL’;rd with rarhnti din\id a if i in purr 
watrr: 

( '*1 IH n . :!|f u « a If nn i , Iff « r 

Mnrrm’rr, ihr nil ft i|.^rfnf!\}iiLf nriya in an . fornn aniuiiy nfhrr 
prndiirt-, furtnir. arrfit*, iartir, hiifuir, and nthrr ari«l . Ilif* Idnd 
and ftnantil} of rarh df'priah^ upon thr ■■yff-rittr firnaiii in and upon 
t!i«‘suh;4aiirr tin tt hirh thr\ arr arfiii^y l‘hr iihtaiirr arr nrr 
tn rnilif* in rnipart with ;a»|iir iiiailutih* pliHild'on»| u!fir|i ma; hr 
naidrrrd nilnlilr, fnr fliin lia\’r a liii4lil> uilinif artiifn on fhr 
iiisnliihlr plin-phafrThr rrailttn|.r alt-, nf rahainti would hr 
furtlaa* attarkrd hy harfrna, wifti thr forniafioii of ralriina rar^ 
htiiialr. 

\Vhf*f!irr llir-r prorr«.%r- will |,!i\r fi r fn an ilirfra f in f h*' 'matrr 
snliihlr plaiil»fni»d nf flit* mi! dr|>riidH iipoii ttlirflirr thr prodn< t 
the* n-f'niid* ihr analuir rrartioiro r\rrrd tlir prndia I nf fhr 
first, thv wiithrfir rrarfiniis, If nnirf not hr foryottrii that, 
althniiydi ifiaii\ nf ihf* nrgiiiiir plinsplinrir'i t'oii tifiirnf liot; nof hi 
snluhlr ill purr \%'atrr. flir\’ limy hf* iiifirr iivailahir to tla’ inp plaiti 
than arr tin* rniiHtituriifs frnnt W'}ii<di tliry urrr at fir f di rr rd 
thrnui^Ii hac*!rrial 3i{'ti\ify. 

This hf*iiig thr can4i% viiriiific>ri4 in ihr rrsiilf!-i n^pnilrd from 
lahnrainry arr tn hrrxf rc’trfi. Slnktiim fniinti thaf h;n Irrial 
at'tivify rriidt*r<*d tlir phnsplinnis nt fhr soil nmrr -.oliihlfa w hrrra 
Severiii, in his ntriy work, fniind fhr nppnsifr to hr trin*. Olht*r. 
Iiavr found that tlir snlvmt arfinn nf hiirfrriit for iir:n|iihlr piio v.. 
pktte m in dirort proportion to tlir imd sr«Trfrd hy fin* oriymi an 
12 
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III a iafcr work, Scvcriii olifaiiiod ditFcrciit rc^iillHe used tlirco 
soils one Nfcrilc, a second sterilized and inoenlaled with jiiire 
eulfiires of and a third sterilized and inoenlateii with 

eilltnn'S of /’.v. ntdiclmld and Azul.tiliarlrr. 'I'he >olnhility of tin* 
[ihosi>iioriis inereasi'd S to Id [ler cent. o\er fliat in tlie sterile soil. 
The aeid-prodneiny^ or<;'anisnis, due to the acid ferreted anil their 
intimate eontaef wdlh thesoil [>artiel(‘S, [>ossi*ss f he power of dissoK'- 
inj^ silicates. Moreover, ar.senii- i^reatly stimulates nilni”:en fixa¬ 
tion, anil there is a relationshi|i hetweiai thi.-. inerea.sed haeferial 
activity and the form and quantity of phosphorus found in a .soil. 

Allhout^h the metaholie aeti\it\ ol Azutohdctrr jrives ri.se to larire 
quanlilie.s of jhiosjihate .solvents, vef these orpmni.sim transform 
phosphorus info orpmiiie i.hosjihorus eoinponuds le.ss rajadly than 
do the ammoiiiliers. I here are, however, e;i.ses in uhieh haeterial 
aefivdy has decreased thimyater-,-oluhle pho.sphoru-. of the .^oil and 
oi raw rock phosphate. 1 hi.s does not mean, however, tliat if i.s 
le.ss a vai la hie, for, as pointed out hy 'IVuo-, the tniximj of’fhrat, with 
in.uiureyaused an immediate decrease in the .soluhility of the jilios- 
phorus III (K'J per cent, eitrii’ acid .solution, vet when thoroiitjhly 
mixed w if h the leedintf area ot the ,-,oil its availahilit.v was increased 
to such tin extent, that some s[>eeies of plants were apparentlv idile 
to .secure almost an adeipiate .suppl.v of pho.sjihorus from this 
material. The adilition of manure to a .soil Kn-atlv inerea.sed the 
earhon-dioxid produefioii. and fora short, time measu'rahly increased 
the .solvent, action on floats. Where there is for a time a deerease 
ol wafer-,soluhh' j.ho.sphorus in fermeiitiiiK media, it is jm.hahlv due 
to t.hii iormation of iiho.spho-jiroteims within the hodies of the 
haeferia, which wotild later he rendered .sohihle due either to further 
haeterial aefivit.v or to aiitol.vtie enzvine.s. 

Sulphur, .‘siiljdiiir is an e.ssenlial element for all plants, hut the 
quantity required is relatively .small and most soils etiiitain .siiflieieiit 
lor maximum crop production. It oeeiir.s within the soil mainlv a.s 
sulphate ororjjanie.sulphur, and fhesesuhstaneesareoften inateriallv 
eiumt'ed hy haeterial activity. 

Baeteriaaet on .sulphur com i»oimd.s in three wav.s: (1 1 on eoniidex 
orfriime compound.s with the produefioii of hydrogi-n siilphid or 
mereaptans, ( 2 ) the oxidation of ,sul]»hureompound.soeeurrinK in the 
soikiuid tMj theo.xidation of .sulphur compounds, e.speeiallv hvdrouen 
su plud by the true sulphur haeferia. with the production’ of inefallie 
sulphui, .sulphune acid, anil eviaituallv^ mineral .sulphate.s 

HydroKen .sulphid is produced by the majority of the common 
laboratory iorins ol bacteria. Lafar .state.s that thi.s faculty i.s even 
very commoruimoriK thy pathoffcnie bacteria and was ab.sent in not a 
single one <>1 ;_i7 sixaues examined. Other bacteria possixss tin- 
power of reducing sulphates. Heijeriiick found inf.soil an organism 
whicfi he named .S’ptn//w« dmilphtirimm and which Van Delden 
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later classified as Mierospira desulpliuricans which possessed the 
power of reducing sulphates. Another sulphate-reducing organism 
is Msp aestuarii. These organisms act only in the presence of 
organic matter: 

MSO4 -f 2 C = 2CO2 + MS 

The true sulphur bacteria possess a directly opposite physiological 
action to the reducing bacteria. There are two genera of the 
true sulphur bacteria recognized— Beggiatoa and Thiothrix. Beggia- 
toa is filamentous, motile, and morphologically resembles the blue- 
green alga, Oscillaria. Thiothrix is not filamentous nor motile and 
possesses a sheath and forms spores. The sulphur bacteria contain 
in their protoplasm highly refractive inclusions of amorphous sulphur. 
According to Winogradsky, a single Beggiatoa thread used in a day 
two to four times their own weight of hydrogen sulphid with the 
production of sulphur: 

4H2S + 2O2 = 4H2O 4- 4 S 

The sulphur seen within the cell protoplasm is to be looked upon as 
an intermediate state in the oxidation process, for if the organisms be 
transferred to fresh water these soon disappear with the formation 
of sulphuric acid: 

2 S + 3O2 + 2H2O = 2H2SO4 

This reacts with a base, usually calcium carbonate, with the forma¬ 
tion of calcium sulphate: 

C’aCOs H- H2SO4 = CaS 04 + H2O + CO2 

There are also organisms in soil that can oxidize sulphur to sulphuric 
acid which in turn would act as a solvent for plant-food. Moreover, 
small quantities of sulphur added to a soil will increase ammonifica- 
tion. It is likely that much of the benefit resulting from sulphur 
fertilization is due to these factors. 

Brown has recently shown the power of oxidizing sulphur to vary 
with different soils. Aeration and optimum moisture favor it, 
whereas the addition of carbohydrates, depresses the process. He has 
elaborated a method of measuring the speed of sulphur oxidation in 
soils and given to it the name of sulphofication. 

According to Lafar, the importance of the sulphur bacteria in the 
economy of nature is unmistakable. In codperation with the sulphate- 
reducing bacteria they insure that the sulphur cycle pursues an un¬ 
interrupted course, the elements being taken up by the higher plants 
in the condition of sulphates and deposited in the cells in the torm of 
organic compounds from which, in the course of putrefaction, sulphur 
is liberated as hydrogen sulphid, and finally reconverted into sulphates 
by the sulphur bacteria. It then recommences its course through the 
higher plants. 
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MINERALIZATION AND SOLVENT BACTERIA 


Iron.— The iron bacteria resemble the sulphur bacteria greatly in 
their metabolic activity. The best known of these organisms are 
the Crenothrix polyspora, Chlamydothrix ochracea, and Spirophyllum 
fermgineum. Winogradsky considers that the iron is deposited in the 
sheath of the organisms due to a physiological reaction, the organ¬ 
isms oxidizing ferrous to ferric compounds: 

4FeC03 + 6HoO + 02 = 2 Fe 2 (OH)c + 4 CO 2 

The energy so liberated is utilized in their growth. However, the 
investigations of Molisch, Adler, and Ellis show that they grow well 
in a medium devoid of iron and that the precipitation of the iron is 
due to chemical and mechanical processes independent of the physio¬ 
logical activity of the organism. They play a great part in the 
deposition of bog-iron, though not the only cause, for Molisch con¬ 
siders that well-known physio-chemical agencies often play an 
important part in the process. Manganese may at times be found 
in the sheath of Crenothrix, in large quantities. 

Potassium.— This element is required by all plants in compara¬ 
tively large quantities, and the total supply in nearly all soils is 
exceedingly large as compared to crop requirements. Yet potas¬ 
sium is quite extensively used as a fertilizer, and this with beneficial 
results. This is due to the fact that its addition to a soil well 
supplied with available potassium results in the liberation of other 
more deficient plant-food elements. Moreover, it may be applied to 
soils having a large quantity of total potassium, but a small quantity 
available to plants. Therefore, one of the problems which is con¬ 
fronting the farmer is how to render available as needed by plants 
the large supply of potassium in the soil. 

The potassium occurs in the soil mainly as silicates and is rendered 
soluble by the nitrous, nitric, sulphuric, acetic, lactic, and butyric 
acids, and by carbon dioxid. The last may react with inert potas¬ 
sium resulting in the formation of available potassium according to 
the following equation: 

AI2O3K2O. 6 Si02 + CO2 + 2 H 2 O ,= AI2O3 2 Si02 + 2 H 2 O + 

K2CO3 + 4 Si 02 

Hence, the addition of animal manure, green manures, com¬ 
mercial fertilizers, or even soil amendments may increase bacterial 
activity and in a similar degree increase the soluble soil potassium. 
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CHAPTER XVIII. 


THE CARBON, NITROGEN, SULPHUR, AND 
PHOSPHORUS CYCLES. 

Plants contain ten essential elements, and these elements found 
in the body of the plants or animals today are the same as those 
which constituted the organic world thousands of years ago. But 
between these dates they may have played many parts, or, in the 
words of Duncan, “ We believe—we must believe in this day—that 
everything in the universe of world and stars is made of atoms, in 
quantities x, y, or z, respectively. Men and women, mice and 
elephants, the red belts of Jupiter and the rings of Saturn, are, one 
and all, but ever-shifting, ever-varying swarms ■ of atoms. Every 
mechanical work of earth, air, fire, and water, every criminal ac;t, 
every human deed of love or valor; what is it all, pray, but the rela¬ 
tion of one swarm of atoms to another? 

“Plere, for example, is a swarm of atoms, vibrating, scintillant, 
martial—they call it a soldier— and, anon, some thousands of miles 
away upon the South African veldt, that swarm dissolves—dis¬ 
solves, forsooth, because of another little swarm—they call it lead. 

“What a phantasmagoric dance it is, this dance of atoms! And 
what a task for the master of the ceremonies! For, mark you, the 
mutabilities of things. These same atoms may come together again, 
vibrating, clustering, interlocking, combining, and there results a 
woman, a flower, a blackbird, or a locust, as the case may be. But 
tomorrow again the dance is ended, and the atoms are far away; 
some of them in the fever germs that broke up the dance, others are 
the green hair of the grave, and others are blown about the Antipodes 
on the wings of ocean, and the eternal everchanging dance goes on.” 

In this building up and breaking down, bacteria play an all- 
important part. The higher plants build up the carbon and nitrogen 
into complex organic compounds. This same end is also accom¬ 
plished to a lesser degree by the animals which, however, mainly 
act as analyprs of organic matter, but the master analysts are the 
bacteria which are continually resolving into simple and often 
elementary constituents, the plant and animal d6bris. Were this 
not true, all the carbon and combined nitrogen of the world would 
soon become locked up in the dead bodies of animals; plants would 
starve and die, and animals would likewise become extinct. There¬ 
fore, bacteria are the link between the living and the dead. The 
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<il>S(‘iH‘(‘ of l)a(‘t(‘ria is inconipafil)lo with lifo on thi- oaiilu oi\ a-, 
slattal by Pasttair, “ Uhw iin‘ tha iiuportaiil, alint>st f tia f ail\. aui'rnf - 
of univ(‘rsal hy|i:i(‘n(‘. '’Flioy clear away more ({iiickl\ than tin* 
of ( 'oiistanf.ino[>lc or the wild la^asts of the desert, the reioaiii'. of 
all tluit litis laid lih^; they prot<‘(*t tlu‘ !i\’in|x ai^tiin-t flie dead: the\ 
do rnony if tln^n^ tin* still liviii’i; h(*ini(s, if, .since the huiidrefh; of 
(•(‘iituries tin* world htis been inhtibit(*d, life eontiniie.*,, it i. tc» fbein 
we ow(! it.” 

The Carbon Cycle. (‘trrlion occurs frei^ in tlie etirtli as coal to the 
(^xt(*nl of oV(‘r oOl) billion tons. <’heinietdiy combined, it i - found 
in bar har^(*r (pnuditi(‘S in limestone, <*halk, mtirble, tind floluiiiin* 
rocks which form sii(*h ti f*onsi(h‘nabIe portion of the nrface of the 
<*arth. According' to Pettenkofer, a man wei^hiiii^ lb I poitiHl". 
(‘Old a ins Ldi.d pounds of earhmi; no less tlian 2b7 milli«ai ton " writdit 
of it. is, th(‘r(*for{‘, stored up in tin* bodies of men and woimm li\ in;; 
upon th(‘ (airth at the inascmt time, to say nothin;; of the far ;arealer 
(piantiiies o(*eurnn;; in t.ln* tissues of trees, plants, and kn\er animal,-. 

tkirlxm dioxid oeenrs in the atmosphere to the extent of fliree 
parts in 10,0(H). lliis is tin* f*cph\‘alc*nt ofOOOhilhbm ton - f>f carbon. 
Mon*ov(*r, t.he ocean is a vast reservoir of c/arbmi flioxid. wliieb i.- 
partly in solntimi and partly eomliined. Between flic mrfaeo 
the s(‘a and t,he atmosplaTc there is a f’ontiinial iiiferchani;**. eaeli at 
limes losin;; and at times ixaiimig the |;a>. 

rarbon dioxid is bein;; ailded to (lie air from ,a*\ei*sd smircc-: 
th(! (Mimbuslion of fm*!, the respiration of aiiimaP, and the deea> of 
(n*;(ani(* matter. It is also hein;; evohaal in enonmai-i qiiaiilifie:H 
from mineral Sf)rin|;s aial vi^h'auoes. Kro|;h e.-,timafe,- lliaf tin* 
annual eon.siimf>tion of coal adds yearly to the atmie^pliere abmil 
on(‘~tlioiisandth c4* its firesent content in fxirlion dioxid. Were 
then* no factors offset fini; this increase in at mospherie earboii dioxid 
animal life woidd soon becfane (*\tinef. 

On tlu^ otluT hand, there are two factor."', at work remo\ in;; 
c*arhon from the alinosplnaa* first, the d<*eompfi,sition of carbon 
dioxiil l>y plants with the liheration of oxygen, and sia-ond, the 
c'onsumption of (airboii dioxid in the weathering of rock-.. Xo 
pn‘eis(* valuation can be* givc*n to (dtlaa* of thc*se factors, alflioiigli 
various writiTS have attenipt(*cl to estimate their magnitude*, t badv 
computes that I(*af ac*tion alone more* than eompen.^ateei for the* 
production of earbem dicaxid. Ohambc‘rlain <*stimatcxs that lla* 
amount of earlnm dioxid annually withdrawn from flic* atniospliere 
is b{)20,()0{l,0()() tons, and tliat tlic^ gn*atc*r part of this is takc*n up 
by the* weathering of min«*rak This is (‘ontinnally being n*turiied 
to the atme>splu*rt^ !>y thcd’acd.ors ('onsideTeal in the* pren*ediiig idutpler. 
There are then two eoiripcmsating .sets ed' faed.ors decay, respiration, 
and eornbuHtioii lil)erating cairbon; plant growth and niek weather¬ 
ing fixing it. These balance each othex, thca-eby e-eanpletiiig 




THE NITROGEN CYCLE 183 

the carbon cycle and rendering the carbon-dioxid content of the 
atmosphere nearly constant. 

The Nitrogen Cycle.—Since nitrogen occurs as an essential part of 
the structure of every plant and animal, it is founddn all crops and 
crop residues. It occurs in the top soil in proteins, protein decom¬ 
position products, ammonia, nitrites, and nitrates. It is not found 
in the mineral matter of the earth except in shales and other deposits 
containing the residues of plant and animal bodies. Hence, the 
quantity in the combined form is not great when compared with 
other essential elements. Yet it is required by all living organisms 
in' large quantities. Many of these are returning it to its inert 
atmospheric form. This fact led Sir William Crooks, in his famous 
address before the British Association for the Advancement of 
Science in 1S98, to predict dire calamity to the human race if science 
were not able to utilize atmospheric nitrogen. 

In the free form, nitrogen occurs in enormous quantities; four- 
fifths of the atmosphere is composed of it. Dr. Hopkins has pointed 
out that the total supply of nitrogen over each acre of the earth’s 
surface, if available, would meet the needs of a hundred-bushel crop 
of corn every year for 500,000 years, whereas the supply of carbon 
is sufficient for such crops for only two years. Nevertheless, 
carbon has no commercial value as plant-food, while nitrogen in 
available form is worth from 15 to 20 cents a pound on the market. 

The same atom of nitrogen at different times plays many different 
r61es. One of the triumphs of agricultural bacteriology is the 
advancement which it has made in following nitrogen through its 
cycle. 

Nitrogen occurs in the plant and animal mainly in the form of 
protein. The plant protein may be eaten by the animal and produce 
animal protein. Either may reach the soil and decay. The nitro¬ 
gen eaten by animals may be deposited as tissues of the animal or 
excreted as urea, hippuric or uric acid. These products are acted 
upon by bacteria with the formation of ammonia. 

Either the plant or animal proteins may reach the soil where 
decay sets in with the formation of albumoses, proteoses, peptones, 
peptids, and amino-acids. The amino-acids are then deaminized 
with the formation of an acid and ammonia. The process is spoken 
of as ammonification. 

The ammonia does not accumulate in the soil, but is acted upon 
by other bacteria, the nitrosomonas, with the formation of nitrous 
acid. This is quickly taken up by the nitrobacter and oxidized 
to nitric acid which reacts with bases in the soil with the formation 
of nitrates. The nitrates are the main source of nitrogen for the 
plants which build from them and carbon dioxid, amino-acids, 
peptids, peptones, proteoses, albumoses, and finally plant proteins— 
and the nitrogen has completed its cycle. If this were the whole 
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story I1 h‘ (pumlity of roiiihiiUMl nitroy^ns in fli(‘ \v«»r!(l \\uul<l 
(‘(Histuiit. lint it is not iIhto an‘ ntaii\' ioaks’in fhociolc. Sumo 
oF (Ih‘ plants aial animals may ho hnrnod w itli tlio lihorati«m of froo 
nitroyaan Millions of pounds of it naioh souors, aial from lion* 
rivca’s, lak(‘s, and oc*oans. In timo tluN is hrokon doun and tho 
nit.rat(*s so foVimal ar(‘ ro<luood h\' donitrih in,Lr haotoria witlt llio 
li!)(‘ralion of |>jasoous isitro^nai. dlio prooossos of di‘oa> iMHiliiiual!\ 
^oin^ on may also Hh(‘rat(‘ Iron nitro«^on. I'tirllionnoro, millions ot 
pounds of nilro^on aro ndunuMl to tho air h\ o\plod\ON. tla* 
ooinhiiHMl nilro|Xon wouki c'ontinuo (o i^row 1 on> \\oro it md that ot lior 
Factors an* at work in natun‘ c*ausin|; if to o<unh}no. I%\or\ Hash 
oF liijjhtnini;’ oa!iS(*s some* nitro|^cn to ccanhiiio as o\id>, hut the 
{plantity of {'oinhintMl nitro^n*n thus huanod is rolativt*ly in**iiniifioant. 
Tint major factors an* hiolo| 4 :i{’al. dlnua* an* within t!ic -oil two 
gr(^a,t |^rou{)s oF l)ac*t(‘ria whicli p{).ss{‘ss tin* powf*r of fixin.a ntlro.a{*m 
Th(* first tin* non~.syinhioti(* nitro^n*infi\in|x f»rymni>nm Hviii^l^ fna* 
in tin* soil an* ahh*, with the* {‘la^rj^} tlnw' obtain fnun tin* cixidat{{Ui 
oF orfi^anic <*arhon, to huild up ccunph‘x orymim* nitnj.i({*n c{unponml>. 
''rh(*n* an* two groups oF th{‘M* organisms tia* aerobic and tin* auac- 
r(»hic, th<* first being flu* imu’c impeuinnf, Tin* otimr cla^-^ {>f 
nitn>g(*n"”lix{‘r.s is tin* s\anhiotic; th{*s<‘ livi* in {•onjiiiH'tion witli 
li‘gum<‘S and ol>tain from t!i{‘m {•nrhoiiacisnis mat^^riai, ami in rctiini 
give* (‘omtan{‘d nitn»g{‘n. In cith(*r casi* tin* {•omlmmc! nitrogen 
h(*coinc‘.s available* for lugh{‘r plants. Then it again start.*’, mi its 
jourrnw tlirougli the living and tin* dianl 

The Sulphur Cyde.-'"“SuIphnrisan{*ss{*nfial{‘lement btrall plantsami 
animals, but tin* f|uaniity napiin'd feir m»nmd gnnUli and d<*\elop- 
imujit is n*Iativ«*ly small {*V{‘n when (’{Unparcal witli tin* siiiall per- 
<*{*ntag(‘. f{umd in S{>ik It {H*enrs in the seal as m'ganif* aia! inorganic* 
sulphur, dlie fonmu* is <hTiv<*d fnun tin* plant and animal residues. 
T1 k‘H(* an* at'tial upon by micuaairganisims with the li!H*ratioii cd* 
hydnigc‘nsulplnd, sulplmr dh^xid, ami sulphates. Some* of fin* hydn»- 
gem sulphhl is {*arri{‘<l into tin* {)ca*an or soil by the first rain; Honn*of it 
rcaicts upon tin* iron silicates ed flic soil ainl forms pyrttt* m* manai- 
site, but most of it is oxkli^aal by baeUsria witli tin* hirmation of 
sulphatc‘.s. Tln^ sulpimr dioxid is also fiirtln*r oxidizcal to sulphates, 
wlicn tliey anuigain taken up by plants and start am*w upon their 
wonderful journey through haetc^ria, higln*r plants, and animals. 

The Phosphorus Cycle.* Phosphorus {leeiirs in the sc»il in tin? hirm 
of ealeiuin, aluminum, and iron plmsphate, also as organic phos- 
phoruH. It Lh also found in pliic*es as huge* d<*f)osits of roc*k plios- 
phatc. It is an integral part of evc^ry living plant and animal <’{*11. 
In theses it oeemrs in twm forms- 'organie and inorganic. Tlie organic; 
phovSpliorus occurs in the nuedeo-proteins, phospho-protedns, aitd 
pliospho-lipins. 

The mineral pho.sphates of the soil are remlercsl soluldit through 
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bncti'rial arti\ il \. a-n oufliiird in a {>rrrr( limt rtmptrr. ^ Ihi^ i t.d » J 
i}|> h\’ flir liviuLC plait! and d<'{H) itrd rillit-r a «a’;,:ani‘' fi' ih*»r am* 
phn>|>lH»r!i> ruinpoiiiid wit liin f li<* ^ i [ d !a'la , 
if rafnn b\ aniiiia 1>, \ iald pho .pla»rii !<> tin* aiiinaiI !<> t» laid d<»a 
in thr bndx of tlir animal a ^ nrtrania nr iimraaiila r4>inpMiiiid I b» 
<*\(*n‘ta nf animah alua> miifaiu plm plaaai in Imili nriMiit* and 
innriranir fnrin^. 'Ida* innriranir |din.phcaai. i ra.idil; nfdi «d b^' 
plaiiN and aiatin Par! nn it. r\rln, !b.i\mrr. f|a* nnamia and 
animal rn-adim. mu t !h' niiunrali/nd b\ !>a<’fnria brinrr fli* , < aii b» 
tifiliznd a.irain b\ plant . Mirnau-aani in plit r»fi iIi«'«'arbf ma* m ai 
matnrial and Iim plm phnnm i lilmralnd maiiil;.- in fla Pam «a 
plm-pliafn'. I'ndar umr rniidili<*n iimld arfiHU ma;' aim n > 
>niali (jiiafitilin- uf plm pidn w Itinh mu f ba aiaiin nmdi td lH|m» 
Iain;;- aW'iilablr !n hi^dmr plan! . In niiltiT I'maiP flu* h uda^' 

pho-ptliafn imw rnadi f<» tart jui it . n\«'lin imiriic, f In < an.a t nn» 

plant and animal t^nn'mimi. d hi i draniali<’allj:- nutiiiad a 
pl!(>r-pli<»rii'-atnni b> fuirttrif<a'a tnilnw . 

“ Wlmrf’ w a I burn? Ah. tfiat I ranfi«‘f trll m*si If n, a f.ti 
far auai frnin hnri', drnp in tlm rndln ab} n| pjn « af an < p'* h 
MM !i "4 ant f hat ni la t t iitMaaii b i a t *a lindi >« ai li v r had la 4 b» t i j n u n a d 
aa \nf; imf f\i*i} fhn arnaf Ufi. imw bia/inr: in In id<a. , fan au 
thn iiiniiinrrabh’ innllifiidr 4ii far. «»!' tin rn at iiin m 4 n*»a 
^Jiinina’ ill fin* d%} , had a m-t c'luiin iiifn liiiiii! thi * vii 1 * m* m 

nold ultillb nf ill\i-.ibtn raffiU’ia! tilrr all p.M'r. u niti.itif »*! 

u urhb. \ aiii‘Jf«‘d itam brldri- fh! pnait nni^fr 1 In ran tPn *4' da 
\a4 I namr, bnrii infM that i*rnat mI' ntlni' vdin b in h# 
unbroknn fmin -tar In far fbrMi^di a!I ibr nidh th ptb *4 l»a* • 
Scuiir la t cliaiirnr Hina iiitiniiiiriint and .firniir “t riraijtn 

in if,-, bir-aun. fnrrn-'-. a*arru h|IMV,||, rafra dr«'aint III, blit -ai.llifj/ 

fhnri' in irri*'b4iblf iiii|,dft. fir .1 bmiirtht iin^ inf** laiiia. and ! tjiii,.;a 
*^tl:^prIldnd in ihn r^rnaf inid. if iia ilftri'i; Mild and uttml d.iil 
and pdrafiiinn afar in t!»'di taiifr f a«aild a-f'fhi lirnnid im ..i tja 
|.4'f*al wnrld'-Miiid am of -panf* diiliinr at nm fbiMiirb da daii.r* 
Hnw Infiir ! liini^ in tlm inid I himii imf. If w d ■ miflnui iip**j. 
iiiillinnr nf \nara. dlnm alnifia bf*|.n'ni I'Miiiid in^ , 

wiM*. nmitiiiir fmiii aiAr in p!m-.'.ji!irirn>4iiir: fnim nt . aial I p* n * i ^ *l 
that I alrrafl.v tdriiind purl nf a iidi^difi iiia <d‘ pa , ,1 hnra in bnla, 
wliirli ;stri4cdii*d i:i? 4 atitin anna «iiif fnr inillifm nl' fiiih" .. IiIm * a ^ 
fianiiiii: ^luifdn tlirfiiiijli tlm darkim «»f .purr. \iid f. I bimr fn 
ipuim i>f wbiln iilmii aftnr iitniii in an iii<l!r ^ friMiii tin da 4 

part inn ill flm i^lnniin wliiln fit** UJ'vdl iirbiila -d^m !;• dffr: f t^rri l|fi 
in its glory, ainl bngaii to lain' ^4iapt* and birrn dla n fir f» mp^ i.-i 
turn bi*gaii to riM' in Inafo. and bound . if grnii fiflinr !iof. und ri* ,4 
lightnings f!a'-.|mfi and ;tf»oiit iiif% and n#' afmii mrad*!! 

iimn* and mori’ fijginbiT, rollidiiign mliiriiii.m fl> inp. da* b | 

.Miiotc* a lliotiMiiid iiiillioii iitmiia and at <rioli rolliom ii};„ iiini jrii pir-r. 





iS6 TEE CARBON, NITROGEN, AND PHOSPHORUS CYCLES 


more and more violent, until after millions upon millions of years of 
this tumult, I found myself part of an immensely hot flaming mass 
of gas, part of an embryo sun. There in the whirl and roar of this 
elemental flame I remained for unthinkable ages, but at last vast 
thunders beneath and around me made me aware that something 
tremendous was happening. It was a world™my first world™ 
gradually condensing out of the fire mist, and the gigantic explosions 
which occurred from time to time were just great seas of boiling rock 
leaping upwards. I will spare you the account of how I entered 
into that world, and saw it slowly form and develop into a fair planet, 
covered with wonderful swarming masses of living creatures, with 
great cities filled with busy life, and wonderful civilizations. Nor 
will I tell you of how that world grew old, and passed into a vast 
desert, and finally, after wandering for aeons of time in darkness 
and silence, burst suddenly forth into flame, the victim of a great 
cosmical catastrophe, and, like a bubble, vanished, exploding into 
incandescent gas. Nor will I tell you of how, far flung, I fell upon 
another world, and saw this world too in time perish; and of how 
I passed from world to world, and formed part of world after world, 
wandering in mighty migrations through space, until at last I joined 
the fire mist from out of which, ultimately, this present world of 
yours condensed amidst titanic convulsions. You will, therefore, 
see that even before your world began, I was old, immensely old. 
I will pass over all this and come to a time quite recent, when I 
found myself forming part of the molten fire underground. Here I 
lay for age after age, while the land above me was being eaten away 
by wind and rain and storm, and was buried—continent after 
continent crumbling into ruin—into the great ocean waiting 
patiently to receive it. Now I was urged upward by vast forces, 
slowly, steadily, for thousands of years, until I finally was uplifted 
to form part of a hard, cold rock, which soon reared itself into a 
mighty cliff, beaten upon by wind and rain and storm; I have a dim 
recollection of looking out from the cliff face upon a widespread blue 
sea, filled with strange vast monsters, which have long since vanished 
from the earth. But at last the cliff was washed away and I passed 
into the great body of the sea, and was absorbed into a tiny plant, 
living beneath the salt waters; but this was devoured by a glittering 
gorgeous fish, and so I entered his body. Then this fish was 
devoured by a reptile, which, creeping out of the water, entered a 
swamp and died, and its huge body decaying, I was washed into the 
soil, and there meeting with the rootlet of a plant, I entered into and 
formed part of it; and this was eaten by an animal; and so I entered 
into its body and formed part of it; and this was eaten by an animal; 
and so I entered into its body and formed part of his bones. While 
we were crossing a ravine one bright sunshiny day, millions of years 
ago, a green monster flashed out upon us and slew my master and 
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devoured me. After a time my new host was also slain in a similar 
manner, and his body, decaying in the rank grass and vegetation of 
the swamp, I was ultimately washed out to sea in a sudden flood, 
which, coming down from the hills, swept me away. Here I 
mingled with the mud at the bottom of the sea, and stayed there for 
millions of years, and became covered over with mighty layers of 
mud and sand, and sank ever deeper and deeper into the earth, and 
at last once more felt the glow of the nether fires. Here in the great 
gleaming furnaces of the deep I remained for many millions of years, 
while miles above me the world changed and developed, mountains 
came and went, new and strange creatures evolved, developed, 
filled all the earth, and died out again. One day, I was hurled forth 
amidst vast thunderings through the throat of a great volcano, and 
formed part of a molten lava stream, which in time became a fertile 
field covered with waving crops and golden grain. Then I entered 
into a grain of corn, and was devoured by a man living thousands of 
years ago, a mere savage you would term him, wild and fierce. From 
him I passed to earth once more, and since then have been passing 
in a ceaseless round of change through the bodies of living creatures. 
I have flown through the air in a bird, I have swum in the sea in a 
fish, I have roamed over the earth in a beast, I have formed part of 
innumerable plants. But the full tale would only weary you, 
wonderful as it is. One day, a few years ago, I was devoured by an 
ox while forming part of a piece of grass, and soon by the mysterious 
chemical forces of its body I was made to form part of its bone. 
The great beast was slaughtered by men, and his flesh eaten, and 
his bones burnt to a fine white dust in a furnace. Out of this dust, 
I, the tiny phosphorus atom, was distilled in a furnace and found 
my way to a match factory, and am now in this little match-box 
lying in the table before you. Is my journey finished? Oh dear no, 
far from it. I shall go on changing and journeying and dancing, 
age after age, even until the world fades away like a mist, and long 
after all that you see and hear around you has crumbled away and 
vtoished into the awful maw of time. I have been taking part in 
the great dance of atoms which forms the basis of all passing things 
and events, for millions upon millions of years, and shall continue 
to do so for millions and millions of years to come. I may, indeed, 
see this world perish, and may yet dance in worlds as yet unborn. 
My future will be probably even more strange than my past.'' 
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PrTRKKAlTlO.W KHHMKXl'ATION, AND DI-:rAV. 

PirrRKFAC'riox, IVnnrnlatioiu and dn<*ay art* in rralif \ na'in , w hirli 
an* (\sst‘iitially distinct althnnixh they Iia\c Ih-cii Ln’catl;^ rniifirnct! 
and ns(*d s\nH)nyino!i>Iy c\a*n 1)\’ pndV.'.Hional men. As |H»i{ifed niit 
by Kendall, (his enniusion is attributed ]KUlly tn the ii e cf lerinN 
to d(*siymat(‘ eertain |)rccesM‘s wliieii neciir in natiire before fhe-e 
(‘han^C'S were studied either bi{)hj|i:ieall\‘ nr ehetiiieall\. 

Definitions. Fisehen*consider^ the* t(*rm fermeiitutiim, a-*, if Jioiihl 
I)e usc*d in baeteriolo|^w‘, as the bioelieinieal dfauaiiiaoitifni f»r nitro- 
g(*n-fr(M* (a)rn{a)unds, (inelly earbohvdratcH, due to tin* af'lirai of 
inienHirganisms, and putrefaciiiHt as the biocliemieal <!eeofii|ae4lion 
(»f nitro|j^(aion.s organic eompounds by the action of iiiicnM»rgaiituns. 

'TIk* distinction which is Usiiall\ drawn laUween df*ca\ and pufre« 
fai'ticai as tin* <ieconiposition of nitrogenous organic ■uib‘4aiif‘es in 
th(* presence of oxygen on the one hand, and the abnenee of o\\gen 
(or witli a limited snppl\’i on the other i-, not jdtt«a>s -itarp!} 
<lcdin(‘<L llie cml fircKlucfs in botli (xim*-. nui\ be f|iiiie -dmihir. 
Nhmeivi fouml that in tin* decomposition of gelatin iif ID D. in the 
'pn‘setiee of air, flau’e wen* formed in bair da\s for ever\ |DD parts 
of th(* original subslanee U. IS parts (tf ammonia, 2I.2 parts, of 
volntih* fatty acids, 12.2 parts c4’ gl\eo#'ob l!bl I parts of pepfom*. 
and b.‘fd parts of carbon dic^xid, the* other 2H,d.d parts luing imdc*- 
tcTiniiied. Jc‘anm*ri n*pealc‘d these experiiniiits with flic* exclmdon 
of air and found as the* dia*omposition products of geiatin, carbon 
dioxid,ammonia,a..ga.s.similinglike earlmn bisulphhb aei'ticjmf \ rie, 
and valcTie aeidn, glyc'oeol, leucin, and u c'olloidiit base-like ‘“^iibstanee. 
IIc! eonciuchsl from th(*He and otla*r expc*rimc‘iits that 11 fhedcTons 
position of nitrogemous siibstanees and of ciirboliydralcs ma> be 
aetaanplished with acs'css or c^xciusion of air; C2| in the* latter c‘ase 
tlie decomposition is eonsich^rably less rapid, iiiicl eoniplete decaaiifMs 
sition re(iiiin‘s a period six times as long; and Ch the* more simple 
chemical products fornasl an* in tin* two caises ichmticid. 

Nor is it a safe criterion to state* tliat piitnd’aclion is aeeompafiit*d 
by the formation of ilKsnniling siibstanec-s, for this is usually a 
quantitative* a!id not a ciualitativc* diflVrcaic'e. MoreoV(*r, flirseliler 
has pointed out that the putrefaction of protein substances is modi¬ 
fied by the prescuna* of <»arbohydrate*s. The addition of various 
carbohydrates, glycerin, and ealciuin carhonatc c*linngf‘d tlie decom- 
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position of meat so that aromatic products of putrefaction could not 
be detected. From this he drew the conclusion that the decomposi¬ 
tion of protein substances in the presence of cane su^^ar, starch, 
dextrin, glycerin, or lactic acid may not be accompanied by the 
formation of the characteristic putrefaction products--"indol, phenol, 
and oxyacids. Nevertheless, there is a marked quantitative dif¬ 
ference in the two processes—-decay and putrefaction. The former 
is marked by the volatilization of the organic constituents—either 
protein or non-protein—while the non-volatile mineral constituents 
are left behind in a form largely available. Putrefaction is the rapid 
and intense decomposition of nitrogenous (for the most part protein) 
bodies by certain bacteria, usually with the formation of large 
quantities of gaseous, ill-smelling products. There may result as 
intermediate products, basic substances often having highly toxic 
properties. These substances have been named ptomaines by 
Brieger. Many of them contain only carbon, hydrogen, and 
nitrogen, and are ammonia-substitution products. Some of the 
simpler ones are: 


Methylamin 
Dimethylamin 
Trimethylamin 
Putrescin . 
Cadaverin . 


(CH3)NH2 

(CH3)2NH 

(CH3)3N 

NH2(CH2)4NH2 

NH2(CH2)6NH2 


They are usually protein-cleavage products, sometimes resulting 
from the mere removal of carbon dioxid from the carboxyl of the 
amino-acid. ‘ Putrescin may be formed from ornithin thus: 

CH2—CH2™-CH2™CH—COOH CH2--C:H2—CH2 —(-m 

I I =11+ CO 2 

NH2 _ ^ NH2 NH2 NH2 

Ornithin Putrescin 


and cadaverin from lysin: 

CH 2 —CHr~CHr-CH 2 -~CH—COOH 


NH2 


Lysin 


NIL 


ch2-~ch 2-~( n-io—CUI 2 —CH 2 
I [ + C ()2 

NH 2 NH 2 

Cadaverin 


In putrefying mixtures the ptomaines appear on or about the 
fifth or seventh day after putrefaction sets in, and disappear, by 
further cleavage, more or less rapidly, yielding less complex nitrog¬ 
enous substances that are non-toxic. 

Active Agents.—Liebig and the early workers considered these 
changes to be purely chemical processes. The ferment was to them 
an extremely alterable organic substance which decomposed, and 
by decomposing set in motion its own elements. The momentum 
thus engendered is sufficient to tear to pieces the fermenting sub¬ 
stance. This in turn then possesses the power of imparting to other 
compounds this same property, or, in other words, they considered 
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fermentation a true chemical process. This was overthrown by 
Pasteur, who proved fermentation to be due to living microscopic 
organisms, and it came to be generally believed that putrefaction 
w^as due to a certain microorganism—Pacfermm termo, Cohn 
wrote in 1872 that through his own experiments, as well as through 
those of other investigators, he was convinced that Bad, termo was 
the ferment of putrefaction in the same way that yeast is the alcoholic 
ferment. Pie considered that other bacteria may play a secondary 
role, but that Bad, termo is the primary cause of putrefaction. How¬ 
ever, bacteriologists soon came to realize that Bad, termo was only 
a general name given to the many species of rod-shaped organisms 
occurring in decaying substances. In 1884 and 1885 Hauser 
isolated three distinct species of bacteria capable of causing ]>utre- 
iaction—ProteiiS vulgaris {B. proteus, B, vulgaris, B, zopfi), Brotem 
mirabilis, and Proteus zenkeri. The first two are capable of lic|uefy- 
ing gelatin, while the last is not. Many different bacteria are 
encountered in a spontaneously putrefying substance. Among the 
most active which have been studied are, according to Eft'ront: 
the family of Proteus, B, putrijicus coli (Bienstock), B, perfringens 
(Veillon and Zuber), Micrococcus flavus liquefaciens (Fluegge), 
B, gracilis putidus (Tissier and Martelly), B, hifermentam sporo- 
genes B, diplococcus griseus no7i4iquefaciem (Pussier and Martelly), 
B, coli communis (Escherich), Streptococcus pyogenes (Doleris and 
Pasteur), and Staphylococcus pyogenes albus (Rosenbach). These 
bacteria are very widely distributed, B. proteus being especially apt 
to occur in substances undergoing decomposition. Its presence is 
constant in rotten meat, is very frequent in manure, and is met with 
in large numbers even in normal dejecta. The putrefying bacteria 
are usually anaerobic, but there are often very active aerobes. 

H. Martelly made a careful study of the bacterial flora of putrefy¬ 
ing material and found that it changed from period to period. He 
found at first Micrococcus flavus, Staphylococcus albus, B. coli, and 
Diplococcus griseus. Then at the end of three or four days B, 
perfringens, B, sporogenes appeared, at the end of eight to ten days 
he detected the presence of B. putidus, B. putrificus, and Proteus 
zenkeri, and after three months there remained only B. putrificus, 
B, putidus, and Diplococcus griseus. 

Products of Putrefaction and Decay.—Due to the trypsin and 
erepsin secreted by the bacteria the proteins are broken into albu- 
moses, peptones, proteoses, and amino-acids, and even in very 
advanced putrefaction nitrogenous substances are always found 
which give the protein reactions. The amidases secreted by 
bacteria give rise to volatile acids, amins, phenol and indol deriva¬ 
tives. Effront summarizes the products formed as follows: (1) 
Ammonia and amins—ethylamin, propylamin, and trimethylamin; 
(2) volatile acids, comprising all the members of the fatty series up 
to caproic acid; (3) a^roEqatic acids and oxyacids, like phenylpra- 
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pirHiic*, cixyplnni;’ larrlir, ;iiul t»\\ plnai.^ If>n«piuit'n‘ arai ; I plaiiMl, 
ia<lnl, ^katnl, fprrnl. ami il d^rji af !\<• . tlw v inNlii- uuiftiiiM’- 
hciii.L;’in ^<‘n. '-niall «}iiaiifif !«• «»r rvrn <‘nni}i|ffrl; ab^iit; ■» iil|iliiir 
(l(‘nvali\a ^ lila* l''iiiarrapfan: «’» iarii»ii . anjiiiM jarni , h tniii, 

t\rnsin, IrypinpliaIt, and nnaiiina idmiii, rnaifinifn ff*’.; * 

various fUoinaii} , lila* pi|fr«*<'iii and I’.itlaf Tin. fli«' auaiiidiii . 
rholiiu and niirifi. fo ridln, !i\drnrullnidiin ofr. 

In tlir fU'nfi' nf dr«-;f\ tlio (Mrl h» ii and li/drfns<‘ij i litaasifrii a 
(‘arbnii dinsid. niof lia f v. afor, and < u laT \ nia f d«* prt idinU uifit fin 
that tin* rarlu.ii in tin* oii! ti'iid f«i tall c»!l r«*lafi'a*!;; f«i tin 
liilropat jHtd tlio raiio . lUm-h in fjir nriviiia! pLiiif inafcaiai 

is about bt, i r<‘dfi<'<*d iii fhr adl in |ll. did oarliuit iiifrna*ai ratio 
varir*; with olifnatic rofiditinii , al o vdfh oil f; pf aiid pr*'. nai. 
fnsatiiHUif. Lawr. and nilln-rf, a (|!iMff’d 1^'-^ IjpUiaii. vn~o !|if 
fnllowinu aarinm‘idtlanroii ratio in ibo f»rvaiiio iiiaffir uf ditb r«'iif 
soils: 

< ’« It al !’»'• aji I :Or < .S 

la-i'aiiiifi' .a •tr.h.i .]« 

I Hifia 

\ M'\ i'f ' i:a.a 
Mafi?a*S'., |>i Ml ' il 
{’a..Oil. i. I * a*S . -iMi ’j“a a 
\ra!*!«' .-al 
f Ia5‘ liS mS 


i : a 

* : If 
I II 
I . . 

1 , *1 
I I , 
111 i 


Otlior tldifm IhIhl! *“ piaj, a vddr oarliini nifronon I’iiJin indn .iff 
a. iiifin* tVrtili* nii than a naj’rom rarhnii adfropi-ii rat|«« f»tif 
thisniiiU aittai f>«* iniorpri ii-d wifii fopard fu ifif* rliinafn inndf 
lion. In llfo arid rf-pinn ila-iMrbfiii idfrom n r.itiM i iiaiitfv. v hi n 
roniparotl wilii ifil ni tUr iiiiuiitl rr-pmn , ; rS fb*' fiaritn.d a< fr 
of I lii* fornii’r i jii la aofri a i liat of t ia> Lit t* r, 

dlioorpaiiif* lib laiifn loiitifl v. itliiii flu- fiilar* *'alb"d Ininin and 
rvauli from fin* ai'iinii nf’ ba* Irria iipon iljr planl u nlfii- . din’ 
roiiipii-ltifui of f||o lib-.taiit'f' lara- vitli flm pro»iiii't frnifi a|jt*li 
it has boon toriiii'fl, a| n fla- ilopri o of fiiiinifioatinn h iia. ImI « n 

piano. .Moroma-r, f|ir piianfifp and prisl valfi aJm b binmi i 
loriiiod dopoiai iipufi f !io mif iiro aiai omiiiitinfi itf fijr Uiati i mi ii * d 
atid fill* pb;. soab ojiiaiiif'al, an<i luolo^pioal ofifalifuffi nl ihi .nil 
Ililpuird fliiuL iliaf m ibo Immid ri'pmii ^ ifiio part uf niiiimd mf 
liiinuis iiniy br foriiiod fruiii fisn In i\ part n| dr plant ib’bn 
whoroas in fbo arid ropinin friiin oiplifoi'ii fn fiAffit; p-iit i4 ffn 
safiio fiiali-rial moiiiil !«- ro'iiiin-d. Mi*.tior allovi d '.anon urpana 
silbsfaiiooa tf» fiiimifi for oia* mstr wifii tbo toll<n«niis^ io' nlf 
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PIITRKFM^TIOW FKPMKXTATiPS, AS!> IHAWV 


Iliinius is fnaiiil.v valiiahlt* of |.h\.•■iral fUrri iipuii ihf^ 

soil and Ix'oaiisc' of its oontcait of nitroicoiu pota-.-iuni, and pho — 
pliorus w'hicli an* slowly lihoratad !>\‘ haataria. d'lia iHatofioial allVrt 
of organic matti'r u[)on the hactarial flora of the 'oil and «<al 
f(‘rtility, howaxcr, is mainly (‘\t*rtad haforc if raarho- ihf* aa^^c (>f 
humus. 

Chemistry of the Processes, 'flu* priinarx ami saaondar\ |inHluf|-> 
r(‘sulting from tia* tlaaay {)f organic matP*r in llic soil arc rla-a‘fl as 
limmis. d1iay arc not, as was once lH*!i(*\‘ad. a h*\\ com para! i\cl;. 
simp!<‘ organi<‘ compounds hut arc a hctf*rogcncou - mixlurc «>t‘ 
(*olloi<lal and crystalline organic <‘omponnd ~ re iihim^ from tin* 
action of ha<*t(‘ria upcm plant rasidtics. 

ddu* ('iHunical com[>o.-,ifion of the cial prodin*?hciim in niaii\‘ 
c*asas unknown, the* ciHunistiy of flu* f>roca'v. i>-> '.fill to he axplaiiasl, 
hut. W(* lia\’a some veT\ sngga-^!i\c‘ information due to the fael that 
ae'ids and alkalii's wluui tha\ ac‘t upon {’arhoh^'drata-, \ icld thrown 
humus-iike .substance's very similar to, if mU identical with, tlic 
substances found in the* >oiI ami la-mhing from baeferial acti\ity. 

It is known that the* aldah\<I group of a carlHdi\drala aa «il\ 
opcuis its double bonds bctw'cem carbem and o\\‘gcn and adds wafer 
to form a. polyhydric alcohol, ns fcdknvs: 
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'Phis reacts wit In 
following salt: 

.SO( 

lium hydro.xid 

with 
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forniiition of 

H H 
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OH 
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li 
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f XfiOH 
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* 

OH 
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d'his salt, is unstal>Ie and tlie molfa’ule forms mots: 
ll n H H H H If H lUf ull If 

I I I M : ; I 

if i-- r (’ r S' uNa HO (* e r e r r » aH,n 

I I I I ’ i ' 

OH cm OH OH HO HU H f! Oil 

Thc!He bre^ak apart at th(.‘ doubk^ bonds: 

H H OH H OH H 

i I i ' I I 

HO <*■■■■ (S. (* f* r I) 

I 

H OH 

H H OH H OH OH OH 

I i i ! 

HO.(mo (’ (/ 0-0 C* C' oN;i 






CHEMI8TRY OF THE PROCESSES 


193 


By this process pieces having various numbers of carbon atoms 
are formed, all of Avhich are very reactive in their nascent state due to 
the free open bonds on the carbon atom. These react with each 
other and give rise to long chain compounds, the more complex of 
which have a brown color and other physical and chemical charac¬ 
teristics of soil humus. 

Soil humus also contains nitrogen which would come through the 
action of bacteria upon proteins. The products resulting through 
such action are numerous and varied, but the work of Schreiner and 
his associates has shown them to be the following: 


Arginin (C6H14O2N4) 

Adenin (CsHsNs) 

Agroceric acid (C2iH4203) 

Acrylic acid (C3H4O2) 

Agrosteral (C22H22OH2O) 

Cytosin (C4H6ON3H2O) 

Cholin (C6H16O2N) 

Creatinin (C4H7ON3) 

Creatin (C4H9O2N3) 
Dihydroxystearic acid (C18H36O4) 
Hentriacontan (C8iHc4) 

Histidin (C6H9O2N3) 

Hypoxanthin (C6H4ON4) 

Lignoceric acid (C24H48O2) 
Monohydroxy stearic acid (CisHaeOa) 
Mannite (CeHwOe) 


Nucleic acid (constituents unknown) 
Oxalic acid (C2H2O4) 

Picolin carboxylic acid (C7H7O2N) 
Paraffinic acid (C24H48O2) 
Phytosterol (C26H44O.H2O) 

Pentosan (C6H8O4) 

Quanin (CPIsNa) 

Rhamose (C6Hi40io) 

Succinic acid (C4H6O4) 

Saccharic acid (CeHsOio) 

Salicylic aldehyd (C6H4CHOOH) 
Trimethylamin (CaHoN) 
Trithiobenzaldchyd (C6E[6CSH[)3 
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CIIAPTKK XX. 


AMMONIFH’.vnoX. 

In th(‘ prrcrdiiti^ rhapirr if was slunvii tinif oiir of thv final piaai- 
urts r(\sulfin^" from pulrrfaolinii, funuuiitation. and di‘f*ay is 
annnonia. dla* pruduufiou oi aiuiiiouia lhrou,i^!i flu* iitfurvuidion of 
luifu’oiirj^anisuis is know u iisaiuiuonific'atioit. d ho spond with whioh 
this aniiHonia is forfuod within a soil varios with t!io physioal and 
ohoniioal c*{un posit ion ot tho s<fil loi^otlior witli tho iiiiiidior and 
pliysioloydoal f^llicioijoy of tho various oryuinisnis takiny^ pari in tho 
proc’oss. 

AlthouKk it hiit^ boon known for soiii«‘ tiino tliat Miiall ciiiaiititios 
of anunonia ooour in all arablo soil, its formation was not known 
to 1 k‘ duo to a bioloi^icad prooios until iS9d w hon Mnnl/. ami C ‘oudon 
donionstratod (hat aimmmia is m) lonyau* Fcaanod in .^culs sfmalizod 
b\' hmd. dlioy, to^n-thor with Kaysor, isj^ntod from soil two spc^oios 
oi’ liac'torimn, om* of Ihioillus, two of Mioroc'oocms, and Iw'o of molds 
all of whic'h prochiood aitmionia in \'oa! houillmi, and all but oiio 
(a mi<*rooooousi ga\"o tho samo rosiilts in scab From thoHo rostilts 
tlH‘y man-iudod that tho formation cd ammonia in tiio soil is tho 
result (jxolnsively (d‘ tho ofmjciiiit aotivity ot numorous lowor or^ait- 
isms of very wich‘ly dill'erent eharaetca’H, 

dliis eonc’htsion was eonfirmed the same \ear by AIar<‘lial wlio 
Lsolaba! fnan tie? soil the speeios of mionairymnisms ^nojds, yeast, 
amd haeteria) which were the most prevalent, and determined whiidi 
of tlieso had tlie power of tramsforminK nitrogonous material iido 
ammonia. Of *il sp(H*i<‘S feasted, 17 displayc*d a stnaii^ aminonity- 
ing ]) 0 W(T. Most of the edhers tiisplayed a smaller Imt none* the 
less (iistinet ammonifying power. Mohls and yeast were also foiiiid 
to pnaiuee ammonia. On inocnilation info a solution (mntaining 
I.dhf) gms. of organic matter jmr lit<‘r tla‘ varimiH organisnis were 
found to transform the following propfirtion of nitrogen into am¬ 
monia in twenty days: 

B. Kjycoidc'S ................. 

Nl. ^ ^ 

Frot(iUH vulKariH 

B. inesL*ntcriiiH vulgaUiB.. p 

Sardna iuiea 

B. janthiims 

B. BuhtiiiH .. 1!) 

The IL m.ywides was selected by him for special investigatioiL 
This organism is foimd very widely distributed in nature. It is 
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A MMOXIFK^’A TIOX 
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by Sarrifui lufr.a and H. mijcjihlvs, r(‘sp(‘rti\*nly, in days ai: 

t(an])cn*a.tnrns ladwcaai 27*^^ i\ and dO'' (7, wliiln Marshal oidy 
obtainecl similar traiisfonnatiou in tiiirfy days at .‘UP (in albumin 
soluiioiis.” 

Species and Distribution. As was pointnd nut l>y Marchab tin* 
aniinonifyinjL^ orpinisms am vnry widrly distributnd in natuna 
'rh(‘ pow(‘r tn split nil’ annnnnia from protnin is a c‘liara(*tnristir of 
th(i majority soil banbu'ia. not<*d tin* production of 

ammonia, in thirtcam out of t wnnty rulfun*s of Sf*wagc laartcria Instead 


f 



Fiu. 27, -Anntjt»nifyifs|i; hiu‘!<Tiii. 1. liwijtium inurtHdm, /, 2,1)00. cXiMlnori.i 
2. Uminriurn mj/ntidtH; involutif^n fornin; X 2,00(1. (Xitdwi-iiiu 2. iimitrinm 
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by Iiim. He furtlier found that tlie g(jatin Ii<|iHdi<‘rs have an 
ammonifying ]>owc‘r nearly twice as grc»at as the non-liquefiers. 
(diester found all but one of th<‘ organisms testcal by Iiini C'apablc 
of producing ammonia. (\ B. Lipman t(*stcd the following fifteen 
organisms in soils: IL rniunmieriem mdgatim, Fs, puttda, B. wdgalnn, 
B. megatherinmi, B. mycoidvs, B, mldilw, B. tumemnw, Hnrtirm 
Iviea, B. pwtew rndgarin, B, icteroides, B, mw-anm, Btreptothrix, 
sj)., Fs, jltioreseem, IL rtdgaris fnav}^ strain), and Mic. teiragenm as 
to tluar ammonifying power^s of dri^d blood, tankage, eotton-s(‘e(} 
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fluorescens, and many others are slow liquefiers. This indicat<‘“’ 
that the class of organisms must play a very important role in tlu' 
degradation of the nitrogenous material of the soil. 

It is quite likely that the organisms are even more efficient in th<* 
soil in the mixed cultures than they are in the pure cultures. Fo^' 
the transforming of protein nitrogen to ammonia is a complex 
process which must proceed by steps and some organisms must b<* 
more efficient than are others in specific phases of the reaction* 
But so far we have little definite information on this subject. 

Methods.—Two methods are in general use for the determination 
of the ammonifying powers of the soil. The one in which a definite 
portion of soil is inoculated into a liquid media and after a given 
time the ammonia determined; in the other the nitrogenous sub¬ 
stance is incorporated into the soil and after a definite period the 
ammonia determined. The latter method would appear to approacl i 
more nearly field conditions, but both methods have their advocates* 
It is not my purpose to go into the claims made for each, but suffice 
it to state that Lohnis, who has made a careful study of each, finds 
the more important factors in both to be: (1) Nature and quantitv’ 
of material used as substrata; (2) concentration and distribution of 
the substrata in the medium; (3) aeration; (4) diffusion, absorption^ 
destruction or evaporation of metabolic products; (5) reaction of th(" 
medium; (6) temperature; and (7) duration of the experiment. 

As was pointed out by Pagnoul in 1895, the formation of ammonia 
in the soil is only a transition state of organic nitrogen in passing 
to the nitrates. So that with either the solution or soil method, 
what we measure is the accumulation of ammonia in the media and 
not the actual quantity formed. Various factors may enter and slow 
down the quantity of ammonia formed. This would be indicated 
by a smaller quantity of ammonia in the soil, or the speed with which 
the ammonia is transformed into nitrates may decrease, and hence th(^ 
ammonia accumulates while the actual quantity found is the same. 
Moreover, it is well known that many micro5rganisms possess the 
power of transforming ammonia into protein nitrogen, and this 
factor may either increase or decrease with a corresponding change 
in the ammonia of the soil. Where large quantities of ammonia are 
being formed, part of it may be lost from the medium by volatiliza¬ 
tion. The extent of this loss varies with the soil. Lemmermann 
and Fresenius found the addition of calcium carbonate to a soil to 
the extent of 1 per cent, reduced the volatilization of ammonium 
carbonate and increased the absorptive power of the soil for ammonia. 
Calcium sulphate and chlorid and magnesium chlorid have a similar 
effect. Caustic lime has the opposite effect. The zeolites are very 
effective in reducing the loss of ammonia from soil, and according to 
Pfeiffer and coworkers the nitrogen so fixed is so firmly held that it 
does not become available to plants during the first season. 
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Material A7nmonified.—Th.e speed with which ammonia is formed 
within a soil varies greatly, depending upon the nature of the 
material to be ammonified. Lipman and his associates found the 
following proportions of nitrogen were transformed into ammonia 
in six days: 


Concentrated tankage. 56.66 per cent. 

Ground fish. 47.16 “ 

Cow manure, solid and liquid excreta. 32.60 

Dried blood. 16.74 “ 

Bone meal. 16.65 “ 

Cow manure, solid excreta. 5.39 “ 

Cotton-seed meal. 4.95 “ 


However, this order is not always maintained, for C. B. Lipman 
has found it to vary with the soil and with the bacterial flora. 
Lipman and Brown consider the carbon-nitrogen ratio important in 
determining the rate of ammonification of nitrogenous materials, 
and then the modification of this ratio by soluble carbohydrates or 
by other soluble compounds may lead to changes in the numbers 
and species of the microorganisms in the soil or culture solutions 
and a consequent depressed or intensified ammonification, depend¬ 
ing on the character of the nitrogenous fertilizer. 

The addition of dextrose, sucrose, lactose, maltose, and mannite, 
according to Lipman and Brown, decrease the accumulation of 
ammonia in the soil. Kelley found that by adding 1.586 gms. of 
starch to 1.072 gms. of casein the quantity of ammonia in the soil 
at the end of nine days was decreased 50 per cent. 

In the presence of the carbohydrates the decrease may be either 
real or apparent. The true decrease may be due to the carbohydrate 
which causes the organism to use only sufficient protein to meet its 
nitrogen metabolism when only a small quantity of ammonia would 
accumulate. 

The apparent decrease is probably due to an acceleration of the 
speed, with which ammonia is transformed into protein nitrogen. 
Inert organic substances in general, such as starch, cellulose, and 
peat, usually decrease the speed of ammonification. This is due, 
according to Rahn, to the substance making some of the soil moisture 
unavailable to the bacteria, for he found that when the moisture is 
sufficiently great cellulose acts as a stimulant to ammonification, 
probably by holding the sand particles farther apart and thus in¬ 
creasing aeration. Dzierzbicki has found that small amounts of 
some humic acid salts increase ammonification. 

The addition of manure to a soil greatly increases the ammonia 
produced in a soil. This is illustrated by the following results 
obtained by Greaves and Carter. In the first column is given the 
per cent, of ammonia found, the untreated soil being taken as 100 
per cent. The various quantities of manure were applied to the 
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strong aeration decreased—at least in many cases—the quantity of 
ammonia split off from peptone solutions which had been inoculated 
with soil. Plimmer, working with a Dunkirk clay loam, failed to 
find any optimum oxygen content for the maximum production of 
ammonia. Under purely anaerobic conditions, caused by an 
atmosphere of pure carbon dioxid, there was somewhat less ammonia 
produced than when oxygen was present at the beginning, but even 
under these conditions ammonia was formed in rather large pro¬ 
portions. This would probably vary with the specific bacterial 
flora of the soil, for the work of Marchal demonstrated that the 
formation of ammonia is favored by the unhindered access of oxygen, 
and in the process considerable quantities of oxygen are used up and 
a nearly corresponding quantity of carbon dioxid produced. There 
is the possibility of the carbon dioxid resulting from side reactions, 
the oxidation of the carbon chain compounds which have been 
deaminized, and not due to the main process of ammonification. 
For theoretically, at least, ammonification can be considered as a 
true hydrolytic reaction. The microorganism, however, gets its 
energy from the oxidation of the carbon, and where conditions are 
favorable ammonia production follows very closely the evolution 
of carbon dioxid. But Gainey found unfavorable conditions to 
have a more detrimental eft'ect upon the formation of ammonia than 
upon the production of carbon dioxid. 

Lime and Magnesia. — These exert a marked effect on ammoni¬ 
fication, and Vorhees, Lipman, and Brown found magnesium lime 
usually superior to non-magnesium lime in this respect. Its effect 
varied, depending upon the character of the organic matter to be 
ammonified and the crop grown upon the soil. Lipman, Brown, 
and Owen found lime carbonate in which the large per cent, of 
boron proved to be the factor which hindered decay bacteria. 

The increased ammonia resulting from the use of the magnesium 
lime may be due to an apparent and not to a real increase in ammoni¬ 
fication. For Fischer has noted that calcium carbonate increased 
the speed with which ammonia sulphate is transformed into protein 
to a greater extent than did magnesium carbonate. Moreover, 
Lipman and Green found that magnesium carbonate interferes with 
the speed with which nitrite is converted into nitrate which would 
slow down the action of the nitrosomonas. In either case this 
would increase the accumulation of ammonia in the soil, which may 
be interpreted as increased ammonification. 

Phosphorus,— In experiments on ammonia cleavage by Dzierzbicki 
in peptone solutions, it was found that the intensity of such cleavage 
depends not only on the bacterial flora of the soil but more so on its 
chemical composition and especially on the presence of phosphoric 
acid. Monocalcium and dicalcium phosphate are equally effective, 
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acids to aeeunnilatc in I 1 h* ,onl, but f he\ fluctuated w if li the aiuifioiiia, 
thus indi(*afinir a eonueefioii iH'lueeu the fwf>. Jodidi adde<i 
x'arious auiiuo-aeid:-< aial acid aiiiid-. ifielndiny L!l;o'oei»!. leueiu, 
pheiivlalaniii, a.qsiraLdn, a partie acid, Lriiilaiiie acid, fu'o in. 
alaniu, eadaveriu, aeetinud and propi«>uauiid to the oil. and after 
from two f(} fell da\ . deleruiined tlie aminmiia. alflioindi the 
trairdoriuation wa.. no! c|nantitat!\c, probabl\ due to fUlier reac¬ 
tions oeeurrinif ^dn^li!aneolls!\. el it wie-i teddenl fhal llif' 
amino-aeidr. and acid amid-, e\aininef| rcatiil\ uiHiertro in the '-oil 
the proees-, of ammonifiea!ion. and, all other beiiii: eqiiab flic 

rale of traiisformation is yreafl\ intlueneed In tlie ehemieal frtiei- 
nre .so that ainiiio-aeifir: and arid amifi- of f*qiial -Iniefiire rield 
abotif tlie same proportion of amiiionia. 

hdlront in l!Hlb demonsirated thaf there are prodiieeii b\ sal 
baetc‘ria ainidaKe-. 'The proee-;- of deaiiiiiiati«m wa > at fir f 
thoii|.cht to he one of ;dinp!e li\dro|\ d-, a - folhiw u 
l( rii M|. looii ; ifoH It < Miifi . S4|. 

lint Nenbanerand Froinberzemteliided iha! fhe priiiinri pathway 
of deafiiination within the afiiiiuil ori^uiiit'uii wa- o\id«ati\e and no! 
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dlic‘ amino-aeids eontainiiiir sulphur woiilf! probahI\ in tli*- 
pn*Hcnee of .sullifieiit f Ayi^en first oxidize tin* sulphur atom foritiiiis: a 
deriviitive of Hiilpliiirie arid: 
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CHEMISTRY OF THE PROCESS 


And this would be deaminized: 


CH2SO3H 
I H 
2 C/ 
|\NH2 
COOH 


CH2SO3H 
I OH 

+ Oo = c/ 

|\nh2 

COOH 


CH2SO3H 


O + 2 NH 3 


In any case the resulting ammonia would be fixed within the soil 
by the zeolites, acid radicals, or lost through volatilization. That 
which is retained in the soil is later taken up by plants or trans¬ 
formed by bacteria into protein or nitrate nitrogen. 

For each molecule of ammonia formed there would result a corre¬ 
sponding molecule of volatile acid, or oxy-acid, or else of alcohol 
which may serve as a source of carbon for other microorganisms, 
possible for the azofiers. 
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siTiuviiwnos. 

^rin>. Irrri! nilrilifiition rrfrrs In tin* n\tilatf<»n f»f rflii*r aiititi<»!iia 
or nitriirs lc> ailnitrs. ll i-. nffm in a hmadar aat r lu 

Ihn pnxliirfion <4’ iiilralr,-. from tlrrnin|)u ini; unniiii*' ntaifrial. 
'TIh* pruroris of fjilI'flira!ion i^a*. iiiado u-o <»! in {!io iitainila*'!nro o| 
saltpotor to . Uj}|)l\ llio larun* fiuantilif of pnujpouAor oon liffioi! 
in tho ahiHo,! inooN^aiit uar> of lAiropr. In tlio I'iiAiinii roniur 
Ihr ;niifi(’ial pnHliirfioi! of saltpi^tor in hial- of <lof’a\iiik! ortnuiir 
maUor roaolnMl a hikrli ‘loana* of porfrolioii, Ik poi-ial!;. fiti. 

trui* in Swi'tlcas, SwitzarlaiaK aial I''ranofa «lioro niifi’ 
as a par! of <‘a«’li fannor* * lax. In ila* \far 1777 tlio !’‘rriio|| i huvru- 
nnail i-caiod spooial iii'Aniotion . for ftiaiiiif**n*tnn* of altpnt«’ix In 
tlirsr fhorr wa^ pn\on sprrial alloiition to iho Ifaiii of pit to ho 
lisod, tho ofAta’iiii: of lln* or| 4 'aiiio mattrix iho arraiiifonniil for lia' 
frrn onfjn of air» tho noro-.,Hit\ of a iniiai’a! !ia'a% aial llio «»pliiiiniti 
amount of inoi^Jiirr uliioli wa'-- 1 h’- 4 -tippling troiii tho iiraiiiaiit^ ol 
si a hi os. 

Early Theories. I'Ann tiani^li tlir proro-- liad roaohoi! .oit'h a 
slato of <lo\ t’lopiniii!, I in* iiiii!oii> iii^ priiaiplo wort' liiiirolk 
linknoun niitil tin* la*-! thinl f^t llio iiinotf^ontli oiaitiirm \f ilii-- 
tiuM* alttanpl's men* inadi* to oxplatn tin* o\ti|afioii of aiiiiiionia to 
nitric aciil, on flic slrcni^lh of ciiiain clitanical rcm 1 ion•■■■' mhioii 
conhl he hrofii^hl ahoiil in flic ial>onifor\. '’llii*--.c wero* the f-\pcri- 
incuts of Kiililniann and I hiiiiiis. Tfic fifNt iiiU‘-4ipnilor foimii, 
on passiikik aniinoiiiu and air throiti^li a hintod fiihi* oonfainim: 
a platinum '^poiigix that linn coiuhijicil uilli flic toriniilioii oi 
ainntonium nitrate, mhilc I hniias fotmd that nifrii' aoii! tta- pro- 
dm'ccl when air and aininonia were hraif^d to hill i \ Hifh inoi i« 
ened lime. If was c‘middered po-nsihle tliiii ilie |ioro'vif\ of tin* 
soil c’onld act as did I he platinnni sponge or I he liino of the oiil 
ini in a nianiier similnr to tliaf nnal in iwperiiiiriitAfter 

tin* <!iseo\'er\ of ozone li\ Setif'dilaiii lliis stihsfaiiee \ut- iio*ci fo 
explain all natural proeessf-s of oxidatiom and lienre iniltiral!} the 
<*aHe with nilrifieation. Mtihlca* stated that iineUigafioiis had 
alinivn Ihiil ozone i.s eapiihle of fixidizing iimiiiofiia tfi nitrio ;ieid 
and Wfitfix and llait it is probable that the sfiinf* reaction ootihi 
take phic*e in the soih the soil aefing iniTel) {i.s a cxatiilyzer in the 
react iom 
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IMHI 

It ni.'i; 1 h* rr!i thal iti all lli(‘ «*arl\ lla-oiar:. it u a . iif^pn.rd 
It) 1 )♦■ a piirrl;, t- iHaiiifai | •»; if w a ^ liot uni il I hr I iiiu* of Pa <"iir 

that t hr hi nil rriral <‘\|»hniaf iuii h >!• I hr lortnal ion (►! nil ra f rrcca \ r<l 
aii> iipp'Ui. 

if i iiitrrr film. lH>ur\rr, lo nrt(‘ thr rar(‘ru! urfk ri' liniia- 
iiiLraiili ill thr ; rar hrtwrru isiif) and IMn, nn thr iialiiral (Maair- 
rifiir alt [trier Prd , r jH*riall\ tho.-,r ri’ Prrti aiul Prua«lor. Ilr 
rai rt I I hr < {ur f iefi : “ 1 Ia\ r ntU thr nilratr ; in I hr:a* nat nral <ir|io ;it n 
H’ iilfrtl tVniii tlH“ fjn*akiju.^ druii of rr^^aim' :-.uhslanr{‘s rirli in 
niti’“ir n? t‘>r it had hrrn tiu* prartirf* fn usf* blnud, nrinr, 

and niliri* aiiiiind rf'l'u r for ! hr fimdiirtirn of nitratf*;. I''nr ihii 
I’ra uii, Pftii iiiaaiill did not fliifik if lil\r|\ that thr ,mis<*ons nilro» 
irni of file au’ p!:i; rti a \eri tp'ral part in tin* prorr.'-is of nilrifnat- 
fioii. In order fu fr f thi-, la* plarrd >nil willi known nilro^pai 
etniieii! ill pin liter jar* and allowed them h> remain for ele\am 
IMF . \! the eiifi of fid tiine the\ wer<‘ analyzed, aial. in npite 

ef the I’m't fliaf a i en ,'ie!i\e III(filirafioii had taken piaer, tliere 
wa 11“ ifierea e in thr total nilroyn of llie soil, I*'roi!t lhi:i he 
eoiieludei! ttiaf free iiilrunen fake-, no f>ari in the formation of 
niirafe , Pin that fin*^ n^aili from the orinanie maf!«*r of the ;-u»il. 
ill a!j“th»r »l o! e\perifia'nt he added orinunc* manure to ;aiil, 
and. and “hall, and left fhrin to nitrify lie ohtaine<| an aeti\(‘ 
fillrilif .1 fiMfi ill the oil. hut none in the -and or ehalk. d’hia fa<'t 

hat! a nrtat infhieiiee nn f!ie old thrurie'-. of nitrifieation. \\’h\ thi’-i 

dilh feie-i it till oil a* f iiif‘re!\ a a rataly/.er? It ina\ he ..aid 
flap fin wrt fht ift'aifjfiifi;! <»f the end of the old eliemieal them’ie:-* 
of nifrifif ,Ploll. 

Tlif! Dawn ci! tin? Biologieal Theory. Af fhi-. time (fsTM the 
Work t 4 ' Pa ft tir wa firndiiiiim^ to tala* firm root* There had 
appeari d a t*ra of report, on trrmenta f ion, one of the earlir.'P 
l\u,! hiatiir oii flu iVnitefilatioii f»f aerfic'aeiii. d'lho w a-i ifiiiiilar 
to nilrifio;*! am. for if wa. knowit that ali'ohol eoitld he oxidized 

io ;ii i lie ;n a! h;, ii e of the platininii -.|Min;n‘, In faf'l in thin ear!\ 

pulilifiitloll l*a f*‘ur triplePeil fliaf nitrifieation wan due to a IVr- 
fi{i iP.niai ttofi after \!lilier oh'ieried tliat the ammonia inaewerap* 

I rapid!; < haiirrd into liilratr'o hiif no eorrr.-yoiidiii^ ehanp* take;-; 
pia* f ill pure aiiiliioliia .-.oliifioii. He :in|Xp*:Ped that the ;aw\aKe 
pi'filtah-!.;. *oiitaiii*'d a leriiienf wliirh w;r-i absent from the pure 
In’* pared in ffii* litlifiriitor^, ! fr, howeirr, took no sfrp:s 

fo pnoe flint the proee'^'Si wii:h a Iftir fmauent at ioii. Pad wren 
1^71 7“t hlhi rt lailf'd thaf t}i«Mlniiliii| 4 :e waters from the Itof iianrsted 
I'Xpi riiiieiif fiidd I fiiifaiiii'd more nifrafr-i an the antinoninm aalla 
apftliod to dii' oil !iierea.sefl. 

To f!m f li* no M’lilo'diif^ and .Mihitz, ladoni^;-. flie eredit of 
e' 4 ahii' !i3fra !♦. ^ x|teriiiirfil fhi' far! that nifrifieation in a luolo^iral 
proM' . llie;. were to ao'ertaiii it the preseitee of hunms ia 
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(‘SSCiOial in llir piirifiration of i>,\ «>il. 01 h‘\ lillf-O a iila ■■ 

tnl)(‘ on<‘ nH‘|{‘r lon*^ with ii^nitnO ffuar’fz .u'nid and |H>\\drn‘d liiiir- 
slonc. Snwa^’(‘ passnd Ihroui^i! hi,-; filtrr af fif t tiiM’liaiiii'fd, iait 
laOa* liifrairs hr^an lf> af){H‘a!*, and nun fla* fihr'air ufai!ainu<l 
nn anirnoniiiin :-^alls. dlin\ -ii'.pcrtnd !nirr<»r*rLn!ni fn > a hninn 
tli(‘ a(‘fi\’(‘ aji'nni, and lrratc‘d tlm rnnfcnf uidf ulilurtjt’urni 

\’af>(jr. Xitrificalion rnfirrl\ coa-r*! and \\a:- nuf rmruod lor 
sa\‘(*n \V(‘(‘ks, alllioni^h tlin sn|)f>!\ ut rlilurufurin \\a n |H*nd«*d. 
A walnr n\lraof (»f fn‘>li ! 4 ’ardrn -oil addotl tu flu* iiifn* inai rf4arffd 
tli(‘ jfroar-;s. 

dlirsc n\[H‘rinM*nturrr iniinoiliatf’l\ rr|H‘a!rfl h; \\arini!iu|} w hn 
nonlirnaul tho n^snlt;-. of Schlr> inir and Miiiit/ aial iiu\Ai'd lhal: 
H) Tlir pownr of nilrilicafion ouiild l»o ot‘iiiiiiiiiiiraff-d fu nifdia 
whifh di<l nof nifrih h;< i^npl\ «*ot!ifia thriu \ufit a nil ril\ iiitr 
snh;'4a!a‘r; *2> flu* pruor ot nifrifii’atiun in ifardon nil i liiiimly 
Mispnndi’d h\ fin* (»rr-a*fjrr of djf lapor of 4‘|ili>ruturiii ur rarlH»ii 
disiilphid. Sinrr thnsi* oarli i*\p«TiiiH‘ni nnn'h addifiunai pruuf 
lia^ horn fnrni'-'hnd h\ ii{\r-ttpalur- diuwim/ tliaf flit* prutr nl 
nilriii<'a{i(»n hotli in ^/ds and \\alt*r i iinduiihfodl;^ »iin‘ tu FrAfiL! 
liiirrocir.u'anisin,-''. Suinr of lla'-f am I hr liinil Innprral iin* 

within uhirli liit riliraliun i-* po' dldr. flw iirrn df;., of a niiahh- 
foufl, and finalli’ tin* iaolatiun of yH-rilir urirani ni haiiiiir thr 
pourr of produriij|4' nitralo-. 

SrhliV'-inp; and Miinfz warn iiiiat>h‘ ! i> iu»la!i‘an} pooilir frritioii! 
c*apa,hln of ranaifwc nitrifiratioiu hut tin* tnif nafiirr of fhi* proof*-... 
not bring knowin muni iiralors Itirm-d to tlii-. pliao* of tin* 

Work and tlmranofo ofi* \uaih! fir'-n roarh tho ooioli'd goal br- 
oamr intniiM‘l\‘ intrrn-.liiiiy I Vlli-Znro and fliTaiii-:, in nr- 

nrrdod in i.ojlarnig from wafrrrinh in iiifrafo a iiiindfor of »rin ot 
bartoria uhirh flmy oon^idrrtal pfl•r,f^vo*fl irin tVobh* niirifiina 
pntporlioN, Inasiniirh aathr nitrioarid in thiir fultnro maj, ha^*' 
ijocn absorlu'd from fhr air. and a- tiny did noi ■■aioi of*il in i f»lat« 
ing and proving aii\ organiun to bo rapabh- of ifiirifioaiioi} 
oxporiinont-^ wore* oon,'ddori'd !«> bo inronoln 4\o. hVaii!-.. atfiiiipfod 
a similar isolalitm but without -aiooo-,-<., and bo i-ioii ooiioiytii-ti 
t liaf flitriljoaticm w a.s not dtio to f !io dirom aoiion of mioroorgani -m > 
bill wu'-; a pnr<*!> ohomioal pror-o-'.., lini ihi. \ifw\ wn-.. oppir4s! 
b\ a mimlHi* of wrifom;, notably Liiiidolt, Half, and liaaiimiiiin 

Waringtoii and h'niiikland sliiiliod a largo iiiiiiilior id’ ’-»oil orgaio- 
iMiis, but noitlior was ablo to fimi aii> wliioli prodiioi'd aotiio 
nit rilioatifun Fnniklaiid rontinnod to maifituin fhaf tin* iiitrifi- 
ing organism was f>rosoiil in so!!, am! in I Mill siiooof*dod in isotatiiig 
a Hphnrioal organism abiffit fl.S in diamotfu* wfiioh posso.Mw*d fin* 
power of omivorfing ammouiiini -saltH into nitritos, bill UfU into 
iiitratcH. dlio s-rpiiration was iiiado l»y mf*an> of fhr dihitioii 
medhod, using only incffganh* salfs. 









ISOl.A'l'ldS OI' '\ITRIh'YIS<! FKHMESTK ‘ill 

Isolation of Nitrifying Ferments. 'Hk* only (Icfinili' result \vlii‘'ji 
Iniil lieen reaeiied Up to ISltl) wiis (hat, there inusl <-\ist in soil 
inieroor^uuii->ni,- wlileli jio-,-;ess (he power of nitril'yiu.:--. However, 
up to tiie time Winotrrail'.k^ took up (he .suhjeet all attempts to 
isolate -ueh ormini-ius had proved I'litihs Ilis pre\ious esperieuee 
had heeii -Hell a . to eotdirtii his helief in sueli orj^atii.mis. lie had 
,!i,.,eo>.ereil mierodrganisins whi<di oviili'/ed hydrogiai sttlphid 
-ulpho-haeieria. atid an iron compound (IVrro-haeteria.). He 
rea-oned t hat it w a--evtremel\ prohahlethat orf^anisins should e\is( 
in w ater atid in s»il <’a[Kthle ol av ailing t,hemselv<‘.> oi the aJ>tindant 
energv whieh woiihl eome from the ovidatioii <•! the auimouium 
einupomid- <’oulained therein. lie considered that (h<‘ iiumher oi 
Mieh pei-ie. Would he small and (hat (he way to secure and study 
iieh or-ani ill, would he: fli 'I'o lind a medium and eonditiim 
imder which tliev would thrive and h\ which the growth of dimi- 
trifviiu: orirani m woukl he diseoiiniged; lii to continue the culti¬ 
vation hv such a method long enough to eliminate lor the most 
part oth(-r organimt;; and i.'li when the eultiire.; of the osidizing 
oi’iiani in-, -hoiild have heen ohfained nsisoiiahly pure ami their 
nitrification of ammonia active, to iiroi-ei-d t.o isolate (he various 
organi in and -.tinly tin* elianiefer, and espeeia.lly the nitrilying 
jMiwer of each in j tnre cult nres. I le knew't h:it all previous at tempt s 
to i.olate the organism on gelatm i>!a(es had fa.il<'d and he eon- 
ddered that, (trohahly the organism would imt^ grow on gidatin. 
He hegan hv working with two soils, one rich in organic matter, 
till’ otiier poor, hut hot,h rich in earhonate, and soon he learned (hat, 
orgttnie matter hindered nitrifieiition. .\ffer eoirsiderahle work he 
finallv mlo[.ted a medium having the following eompieiidon: 

\\ ;il* I ♦»! L,*tkri Xiiri*'!* 

I’kI' i'siMHIIJi 

M n K J‘ ';ii * 11 f i «* * II5 H t .'I t» 

Wlirii riSirh a wa;-^ iuorulai<*(l wifii 

liitriii<'ati<ai wan .Hn that' aittjr filtafai (!ay,-> fraa«‘ of 

aiiiHinitia haci lii.-uipiwtantd, wlianain rla*ak HfilutifHi cnmtairaMi <inly 
aliirlil trai'f*snf iiifrir aaid. 

\viT«‘ roiifiiaiiHl aia! rafM‘af«*d iii tliii inrdiuni for ihrai* 
iiiniiths. wiirit iio ronddi’rad liiat <ail\' tlio or|,?aniHHis In 

this iiiiHlimn liad survives!, llasr wvrv iiHKHilatnl on to ptlafin 
plafvs afid fivi- spvriv.s of found fo form rolonios 

tlirrv liac'tvria, ono fudinm. and thv fifth a, pocnliar organism \vhi<»!i 
111 * designated an fungus.” Xmaa however, poHses.sed the power 
of (amvertiiig aiiiiiioriiii into nitru* aeid. 

Ill tlii* licpiid eulfnres it waHidiserved that a. very thin film grudu- 
nllv fo^rmed on the surlaei* of the enltiire am! at time;-! ii ihglit- 
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A culture medium was then prepared which was free from every 
trace of organic matter. On being inoculated, nitrification took 
place in this energetically, and it was found to contain large num- 



Fig. 31.—Nitrobacteria from cultures in liquid medium stained with carbol Fuchsin. 
X 2500. (After Gibbs: Soil Science.) 


bers of the oval bacteria, as well as the fungus form previously 
noticed, but the other forms had all disappeared. The fungus 
remained constant, and all attempts to cultivate it out were unsuc¬ 
cessful. 
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r<‘scan'!i was thus hroiiulit to tin* faL'<‘ ulan H n-ini*! 
probable* llial llio o\al barf(‘ria nii,i:ht br tin* nilril';. ifrs a-Mif , 
I'o lost Ihe'ir natiin* ami ac‘tion .-ati.^'laolnrii} tbr r«i!iM';!l ui ibt- 
sproiilii)”- was oalloel for. ^Fo aoooiiipli. b ibi , rml 1 ; 

n*.sorto<l lo a \ory io^oniou;. tfioiiL'li a simple* dome***. 1 hr t'lnis'ii 
would do\‘t‘lop ill g'olaiin; tlio baotoria would iiot. Small yarii* h* 
of IIh* rarboualt*, ntoro or h*s;-' oinolopod b\ tlir barirria. wvw 
lakoii from Iho l^olteau c>f tlio rulturr fla:d\ b\ moaii' of a rapilhir; 
tiibo an<l plarod iii a lari^e* flask c»f i-sforili/od walor, dlir t'ftiifiiit 
«>f Ifn* flask woro lliou woll :diakoii and a fS’k'iliii platr inn* ulaifd 
with drops of flu* liquid, the* partiolo.'* of rarlHiuaft' or\ iits to iiidi- 
c*ab* the* plaros. w lioro llio ^irolalili lia«i liomi iiior iilalrd. Iii lam 
of those* llio fimiiui.s df‘\’f‘b»pod. luooulaliofi . of tlir riiliinT iinmd, 
from (ho otlu'r .-.fHa;'-* failod to \iold f!io fiiiiifii imt drvrlopfd l!ir 
baotoria. liy Ibis mofliod of “iii\or;o‘ |.f,olafiii fiilliiro”’ lltr ba* ft ri.i 
W(‘n‘ obtaiiiod puro. Liquid rulfiin*-. iiioeiilatoil wiib fbr bmiiria 
oxidizod aimmaiia rapidlw d bo iuforoitoo wa fbal fbo IsoUf ri.i 
wc‘ro tlio uitrifyiii^^ orgaui.-ms of tho soil. 

\\ iriopraelsky dosc'ribos tlio nil rito-forminy^ mpfaiii m a of o-ai 
feumn about LI to LK/i lon^ and U.tl to I witbs iima!!s: at w i !»iil 
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Ad7ro,vo/ao/imv. 
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He thoroughly removed all organic matter from the glass dishes 
and apparatus to be used, and inoculated separate portions ot 
the medium with the nitrobacter. The cultures developed nor¬ 
mally in the dark as well as in the light. To gain an idea of the 
extent of the assimilation of carbon, the carbon in the organic 
matter which had been formed by the organism in its growth was 
determined by analysis. Four cultures contained 10.2, 7.1, 4.0, 
and 4.8 mg., respectively, of assimilated carbon, and in these 
cultures 928, G04, and 83.5 mg., respectively, of nitric acid had 
been formed. This seemed to leave no doubt that nitrobacter is 
able to assimilate the carbon of carbonic acid. 

Later, in 1891, Warington, in a solution containing mineral 
salts, obtained after repeated generation a culture which nitrified 
vigorously. This contained no organisms which would grow on 
gelatin and was regarded by him as containing only nitrifying 
bacteria. The organisms thus obtained were oval in form and 
seldom 1 micromillimeter thick and only slightly longer. 

At this time Winogradsky made a decided improvement in the 
separation of the nitrifying organism from solutions by use of the 
Iviihne gelatin silica medium. The nutrient basis of this medium 
as used by Winogradsky was composed of ammonium sulphate, 0.41 
grams; magnesium sulphate, 0.05 grams; potassium phosphate, 0.1 
gram; sodium carbonate, 0.6~0.9 gram; calcium chlorid, a trace; 
and water, 100 c.c. 

The inoculation of the plates took place either by mixing the 
inoculating material with the above solution before the addition 
of gelatinous silica, or it was made as a streak or smear culture 
on the already hardened material. In this way the nitrifying 
organisms developed distinct colonies from which pure cultures 
were obtained. 

The investigations of Winogradsky and simultaneously of War¬ 
ington showed the following: (1) That in the soil the nitrifying 
process was effected by two distinct but closely related organisms, 
the one converting ammonia into nitrous acid and nitrite and the 
other changing the nitrites into nitrates. (2) That these two 
processes follow one another in such rapid succession that the 
production of nitrites is only a transitory phenomenon, so that 
if both the nitrite and nitrate organism be added to sterilized soil 
the process is completed in the natural way, only the merest traces 
of nitrous acid appearing. 

If to a mineral solution containing ammonium salts, a pure cul¬ 
ture of nitrosomonas be added, only nitrites will appear and these 
will remain unchanged in the absence of the nitrobacter. If, 
however, the two organisms be added simultaneously nitrates will 
be rapidly formed. 
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According to Kaserer there is an organism which can oxidize 
ammonia direct to nitric acid, but so far this has not been confirmed. 

In 1892 Winogradsky studied the nitrifying organisms of the 
soil from a number of diflerent localities. Those from several 
parts of Europe, from Africa, and from Japan, which he considers 
to be the same organism, he names Nitrosomonas europea. A second 
form from Java soil differing from the first, he names Nitrasommas 
jarenensis. Both of these comprise the nitrate ferments of Wino¬ 
gradsky, the second nitrate ferment was isolated by Winogradsky 
from Quito soil and differs from the first not only as to size, as 
above mentioned, but also by entirely lacking the motility common 
to the latter. 

In 1895 Burri and Stutzer isolated from soil a nitrate organism 
with properties akin to the Quito bacillus of Winogradsky. It w^as 
a motile organism, 0.75 — 1.5 x 0.5 micromillimeters, growing 
on gelatin which it liquefied, said organism, according to these 
\vorkers, being able to convert nitrites into nitrates, but losing 
such power when grown on organic media. 

The results of Burri and Stutzer, so contrary to those of Wino¬ 
gradsky, brought forth a vigorous rejoinder from the latter. In 
this Winogradsky stated that he tested the same earth used by 
Burri and Stutzer and isolated therefrom his own nitrosomonas, and 
that the latter when tested in bouillon, meat peptone, gelatin, and 
agar failed to grow. He, therefore, regards the German work as 
erroneous. 

In 1897 Stutzer and Hartleb appeared with a still more startling 
series of discoveries in which they not only maintained the ability 
of the nitrifying organisms to grow in organic media, but also 
showed that the latter possessed a polymorphic habit never imag¬ 
ined in this or any other like group in the whole domain of mycol¬ 
ogy—the ability of simple coccoid or rod-shaped forms to develop 
into filaments or even into branched forms, with the further pro¬ 
duction of true gonidia and other even more, highly organized 
fructification bodies. 

Gartner discussed the work of Burri, Stutzer and Hartleb on the 
polymorphism of the nitrifying organism, and from presumably 
pure cultures of the latter’s nitrifying ferment was able to isolate 
thirteen different microorganisms, including a fungus form (Schim- 
melpilz), thus proving their impure character. Furthermore, 
Gartner showed that these several organisms, when once separated 
in their pure state, retained their fixed character, with no tendency 
to polymorphism, and indicated none of those transition stages 
from bacteria to fungi noted by Stutzer. Again, none of these 
isolated organisms possessed the power to convert ammonia into 
nitrites. C. Fraenkel simultaneously isolated from Burri and 
Stutzer’s cultures 11 different organisms, including 7 bacilli 
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experiments, Kochenavski demonstrated that potassium carbo¬ 
nate is more efficient in this regard than is calcium carbonate, 
probably because the potassium acts as a food in addition to the 
neutralizing of the acid. Owen has found magnesium carbonate 
even more efficient than potassium carbonate, and this is in keep¬ 
ing with the findings of Lyon, and Bizzell and White. Pangan- 
iban’s findings appear to differ from these, for he claims that liming 
greatly increases nitrification only when the limestone contains little 
magnesium carbonate. The soil of the LItah Greenville farms con¬ 
tains 16.8S per cent, of lime (CaO) and 6.1 per cent, magnesium 
(MgO), and they nitrify ammonium sulphate, dried blood, and 
cottonseed meal readily. 

The carbonates are not the only substances in the soil which 
serve as bases for nitrification, since, according to Ashby, a marked 
nitrification of ammonium salt can be brought about in the presence 
of ferric hydrate, either in the freshly precipitated state or as 
“iron rust.” In solutions, however, nitrification is not completed 
where iron is the only base, probably because the ferric nitrite or 
nitrate formed dissociates and the solution becomes acid. 

The double ammonium combination formed by the absorption 
of ammonium salts by modelling clay can most probably be nitri¬ 
fied in the absence of any base, but the corresponding combination 
with peat undergoes no nitrification in the absence of a base. 

One of the functions of the base in nitrification is to form ammo¬ 
nium carbonate, and the facility with which nitrification is set up 
by different carbonates depends upon the rapidity with which 
they can react with a neutral ammonium salt to produce ammo¬ 
nium carbonate. This reaction is greater with magnesium car¬ 
bonate than with calcium carbonate, but is almost absent with 
copper carbonate. 

The quantity of lime which must be added to a soil for maximum 
nitrification varies with the original reaction of the soil and the 
fertilizer to be nitrified; ammonium sulphate requires more than 
bone meal, cottonseed meal, or dried blood. 

There should always be an excess of the base present, for Fischer 
found that the theoretical amount of lime (200 grams of calcium 
carbonate) required for the nitrification of ammonium sulphate 
(132.7 grams) was not sufficient for complete nitrification, but 
about three and one-half times the theoretical amount was required. 
Even much larger quantities of either magnesium carbonate or 
calcium carbonate may be used without ill effect, but large quan¬ 
tities of quicklime may cause a rapid burning out of the organic 
matter and even volatilization of ammonia and may even stop 
nitrification. For, while nitrification takes place in a feebly alka¬ 
line medium^ yet the presence of anything beyond a small quan¬ 
tity of an alkaline salt is a hindrance to the process, and a large 
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More recently, Coleman using pure cultures of nitrate producers 
obtained ratios varying from 40 to 44. 

Now there are two sources of carbon dioxid which are available 
to the nitrifying organisms—one, the carbonate, which is present 
in the soil; the other, the carbon, in the air. According to Wino¬ 
gradsky, the carbonate supplies the carbon for the bacterial growth, 
it being liberated by means of the acids, which they produce. On 
the other hand, Godlewski considered that it is chiefly from the 
atmosphere that the carbon dioxid requisite for the construction of 
new cellular substance is derived. He found that development 
did not occur in cultures containing magnesium carbonate when 
air free from carbon dioxid was admitted, and concluded that: 
(1) Nitrosomonas placed in a pure mineral solution are unable to 
assimilate the carbon of magnesium carbonate; (2) it is very improb¬ 
able that the nitrobacter derive their carbon from the organic 
subvStances of the air; (3) it is very probable that these organisms 
find the carbon which they need in the free carbonic acid or in the 
carbonic acid of bicarbonates. But Owen, after careful experi¬ 
ments in which he used a specially devised flask for the elimination 
of the carbon dioxid of the air, concluded that ‘'the nitrifying 
organisms of the soil do not depend to any appreciable extent on 
the carbon dioxid of the air for their carbon supply.” Hence, the 
evidence seems to be that the organisms under appropriate condi¬ 
tions possess the power of utilizing either source of carbon. 

The nitrite bacteria obtain their nitrogen both for oxidation in 
the production of energy and as building material from ammonia 
preferably in the form of ammonium carbonate. They are, how¬ 
ever, according to Ashby, able to utilize the double ammonium 
combination formed through the absorption of ammonium salts 
by modelling clay, but the corresponding combination with peat 
undergoes no nitrification in the absence of a base. However, 
according to Marcille, the nitrogen of ammonium phosphate is not 
so readily transformed into nitrous acid as is that of ammonium 
sulphate. Yet the phosphate appears to furnish a much more favor¬ 
able medium for the transformation of nitrites into nitrates than 
does the sulphate. 

While calcium cyanamid is nitrified when added to a soil, it is 
not until it has been transformed into ammonia by other bacteria, 
chief among which are, according to Lohnis, B, putidum, B. 
mycoideSj B. vulgare var., B. zopfii lepsiense (n.sp.), B. kirchneri 
(n. sp.), jK. megatheriurriy B.fiuorescens, J?. snibtilis, B. elknhachensis 
and B. mlgare. According to Boullanger; the nitrous organism 
does not attack hydroxylamin hydrochlorid. 

Excessive quantities of ammonia or ammonium salts hinder the 
multiplication I of ^nitrifying organisms but do not interfere with 
the action of those already precept. Boullanger and Massol found 
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the niininiiini rrf^irdint!’ .'unuiuif at ;nii!!inuia fn !h- af.niif 2 |»aii 

|H‘r iiiitlion. It i’ -fillicirni ainiiKnii;! amiiiiiilaf i* iji ui! 

under natural roudifinn fci ifUniVn* with flit* luulfiplirafi«tn u( 
nil nf\ I!!”’ l>ac*l«*ria. 

du^t us ull oruunir nitrouiii uni t lir ;iuiiiHUiifi*'d fniMfr ii fur^ 
he (’liuu,Li;ed }>\ llie iiitrn nimutu ti> fiifr<ui ufid. «* ;dl uuiiiufuiu 
eninpeiiiid;'. uui‘'2 Ih* n\idi/<Mi In iiitrnii unid hefnrr ihf niln ■!tu* Irr 
eun eoii\{i*f llieui intn nifrin arid, dlir nifrife nmujii m frudi!^ 
n\!di7.(‘:“> neurl\ ull uilritea in nliiiinii rnnfuiiiiiia it, | i r.nu 

{)er liter, huf lurtfer i|uanl!lie nf flm {iif!*ifr ;na nr.»n i- rn in ihi- 
nitruiuonu .. 

Organic Matter. Wliinunul-k,' earl.” Irurued fliut Hu uifrit'; tin/ 
uri^unisuis will nc»l aruw in a nirdiuin rmifuiiiiiji.^ Mlultk* ru'ujnir 
nuitler, and iurr ihaf tiuir {iiunrrnii r-.lui'ifiiMif h.r r Ihih 
made fn arrfuinf fnrthi appurrni di rmpufa;.. If -u ,i ! finv-u 

that iiitrifiralinii falj"- jdareinfiir nil uiid r«.|}if‘i» f ediirh i . ui? ui n 
nf'i^aiiie material. lif’iu'e, the fhenr; vni nnn ad aiu*d flmt 
nrn*auie matter in flu* fnnii lU’ liuiiiti i imi iuiiirimj ujid m.i^ 
uetuall} he heiirfiriah a i illu-li’afed h; llir ^nrh ni ''iidi’iin 

Ilini.Ji' .Sin-.,* ; r ‘ , In.! (f . >45. 

Pn M ijf \-ii.f a*!n • l*'.; In ,S. , , 

a !:• I iwa I I a SI.:.' u ■ ' M ..^.4 

a a a n «» m ;»:j a 

Miiufz later ruurhided fliaf hmiiii em’ii in larji r «|ii.iiiinir 
dne^. unt interfere with nilrifiealinin hiif lui liir fiilirr hand if i 
ra\'urahle it. \nr i- an ahiiudmir*' nf lifimii a nr*** nr;, 
tinn In nil rilieut inti, 'duer -nil pnnr if# flu enif fifui fU L!r;,idil.ili; 
de\e!np iiitt'frdie iitlriffeatinn. Hr enu idii' ihai lim liuimi 
ra\nr''^ lit** imiltifdiealinn f.f ilu* nilrih, inu ‘U'uam in and a nil 
wliieh ennlaiii'"^ a lar^e aiiiniinf nf htiiiiii i imua' aiiiiiidaiit!, u|» 

plied wifli tlie;-n* firuutiii an'"'; and iimri* ap! fn eiurr intn rapid nitri 
fic’uf inn. 

rnlemau iniind de\irn-'f% ejiiie iluar. uiu’nriij, and in 

small amniiiits. In t'a\nr liilrifif'alinn, and in nm#* i*.i r rM !i a 
luiieh a.s I p«i‘ rent, nf de\|rf> r Iia:s prnrisi hanrfii ia!. llij i uu- 
ehisinit has been ecatfiriiied In uiiiaernii - nfhrr imrhrr . \\ iian 

larixer c|uaiitilies .siikuir.-. are tisrd there iu iiuiallv a di ^appimraiit f' 
of iiilrateH. 1lii. i;^ pndathl> due fn ifa hiuirifip^ ofliir nruaiii m 
whieh pnaluee prcifrin frnin the liitnifm rather thaii iiifi lirrinp 
with nitrifinitinii or areelerafiim^ In a ^reut e^feiit ili-nifrifjnaiinii. 
''Hie optiimnii amounl of ori^aiiic' matter fm- ino-i rapid iiif ritifSif imt 
varieh witli the oioistiire and iialure of the snil. Id s-her fomid 
even peat exfnief to fuvt>r nilrifieutinn. mhile Xildew.dd eiaim 
that iiitrificiitioii ocaiirs in solid stalde maiiiire whvti flim' mu 
nuieli licpiid imimire iitixed witli it, and that tm the fir4 dar nifriie 
Iiaeteria are fmiiid in the iiiiiniire eoiiiiiig originall) not from the 
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stock but from the straw, particles of earth, etc., that stick to the 
manure. These bacteria increase in number until at the end of 
four weeks there may be 1000 per gram of substance associated 
with these. Hence, we may conclude that the absence of nitri¬ 
fication which has been noted by various workers when organic 
matter is present may be due to some of the following factors: 
(1) Excessive quantities of soluble organic matter. This has been 
repeatedly found to be the case where excessive quantities of 
carbohydrates have been added to the media. (2) A low per¬ 
centage of potassium as suggested by Renault. (3) The physical 
and chemical properties of the medium, as noted by Stevens and 
Withers. (4) The presence of organic acid, as is the case in peats 
and forest soils. In this condition it is the acid reaction which 
interferes with the process and not the organic matter present. 
(5) A substance may be toxic when tested by the solution method, 
whereas in the soil it may be inert or actually beneficial. 

Energy.—The nitrifying organisms are devoid of chlorophyll 
and function best in the dark, yet they synthesize from the carbon 
dioxid complex organic compounds. The energy necessary for 
this synthesis is obtained by the nitrosomonas from the oxidation 
of ammonia: 

2 NH 3 + 3 O 2 = 2 HNO 2 + 2H*.0 + 157.6 Cal. 

# 

and by the nitrobacter from the oxidation of nitrous acid: 

2 HNO 2 4 - O 2 = 2 HNO 3 + 36.6 cal. 

Lafar points out that if the quantity of nitrogen oxidized per 
unit of time be taken as the standard for measuring the chemical 
energy of these organisms, the nitrosomonas will be found the 
most active of the two. From this fact he concludes that the 
conversion of the trivalent nitrogen of nitrous acid into pentav- 
alent nitric nitrogen requires the expenditure of a greater amount 
of internal force than is needed for the first step in the oxidation. 

Metabolism.—The metabolism of these organisms has, therefore, 
been the subject of considerable study. Winogradsky early sug¬ 
gested that the ammonium carbonate in the first place probably 
gives rise to an amid, somewhat similar to the transforming of 
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It is quite likely that all organic compounds are first trans¬ 
formed into ammonia by other organisms before they are nitrified. 
Demoussy found this to be true of monomethylamin, trimeth}damin, 
anilin, pyridin, and quinolin, and, according to Lohnis, calcium 
cyanamid. This is also true for carbamid, thiocarbamid, uric 
acid, acetamid, anilin sulphate, methylamin sulphate, ammonium 
oxalate, asparagin and ammonium sulphate, which, with the excep¬ 
tion of thiocarbamid and anilin sulphate, are readily transformed, 
according'to Busley, into ammonia by other bacteria and then 
nitrified. Hence, the early conclusion reached by Winogradsky— 
that pure cultures of nitrifying bacteria are incapable of nitrifying 
organic nitrogen—has been borne out by other investigators. 
Where contrary results have been reported it has been due to 
the presence of other organisms by which the nitrogen has been 
converted into ammonia and then nitrified. The process is cata¬ 
lyzed by oxidizing enzymes which must be specific in their action, 
for Omelianski found the nitrifying organisms unable to oxidize 
mineral compounds such as sodium sulphite and phosphite. 

Oxidation in this case cannot be regarded as being of a violent 
nature and it scarcely seems conceivable that the nitrosomonas 
should be able to oxidize ammonia direct to nitrous acid without 
passing through intermediate stages of oxidation. Most workers 
consider it probable that in the oxidation of the ammonium radical 
there are formed certain intermediate substances which must be 
regarded as more or less hydroxylated ammonium radicals. 

in a study of the bacterial oxidation of aqueous solu¬ 
tions of ammonium salts on experimental filters inoculated from 
® actively nitrifying sewage filters found that the oxidation proceeded 
in a series of stages compatible with the hypothesis that the hydro¬ 
gen atoms are successively hydroxylated with the subsequent elimi¬ 
nation of water. Hydroxylamin salts and salts of hyponitrous 
acid and nitrous acids w’^ere found as intermediate compounds. 
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must be diminished as the soil becomes richer in nitrates. As early 
as 1887 Deherain found that the most active nitrification took place 
when the soil was allowed to become partially dry between the 
applications of water, and later he found that there was a rela¬ 
tionship between the speed of nitrification and the moisture con¬ 
tent of fallow soil, the nitrification increasing with the water. 
Boussingault taught that when soils contain as much as 60 per 
cent, of water they lose in a few weeks the greater part of their 
nitrates. This teaching gave rise to the general belief that deni¬ 
trification may take place to a great extent in soils, but recent 
work has amply demonstrated that it is only extremely abnormal 
conditions where this becomes an important factor.. 

Deherain and Demoussy found that the bacterial action of a 
soil was at its maximum when a rich soil contained 17 per cent, 
of water, but that it decreased if the proportion of water fell to 
10 per cent, or rose to 25 per cent. With soils less rich in humus 
a somewhat higher proportion of water was necessary to retard 
oxidation to any marked degree. 

The optimum moisture content for nitrification, according to 
Deherain, is 25 per cent. An insufficient supply of moisture 
checked both nitrification and nitrogen fixation. This occurred 
when the water had been reduced to 16.5 per cent. This, however, 
would vary with the soil, for Schlosing found bacterial activity 
less in fine-grained soils than in lighter, coarse-grained soils. In 
order that nitrification be equally active in both light and heavy 
soils, the latter must have a higher percentage of water than the 
former, a difference in moisture content of soil of 1 per cent., accord¬ 
ing to Dafert and Bollinger, being sufficient to produce a marked 
change in the oxidation going on in the soil. 

Traps found that the number of nitrifying organisms in a soil 
varies with the moisture ‘and that their activity was periodic, rapid 
nitrification being preceded and followed by periods of less activity. 
Later he found nitrification to be at its height in soil containing 
55.6 per cent, of its water-holding capacity. Excessive quantities of 
water practically stopped nitrification and were much more injur¬ 
ious than too small a quantity. The water requirements, however, 
varied considerably with the soil. Coleman’s work with a loam 
soil showed nitrification to be most active when the soil contained 
16 per cent, of water. It was greatly retarded when the water 
content was reduced to 10 per cent, or increased to 26 per cent. 

Patterson and Scott’s work is interesting in that they found 
nitrification to be inactive in sand and clay soils which still con¬ 
tained about three times as much moisture as in their average air- 
dry condition. At the lower limits of moisture less water starts 
nitrification in sand than in clay. At the higher limits of moisture 
less water stops nitrification in sand than in clay, while the opti- 
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mum amount of water probably varies for each soil; it is higher 
for clay, yet for both soils it lies within the range of from 14 to 
18 per cent. A rise above the optimum amount of water is more 
harmful than an equal fall below it. 

The work of the Utah Experiment Station demonstrated that 
the application of irrigation water to a soil has a distinct beneficial 
effect upon nitrification, being greatest where 15 inches of water 
were applied when the nitric nitrogen formed amounted to 28.5 
pounds per acre-foot of soil. The greatest benefit per inch of 
water, however, was obtained where only 7.5 inches of water were 
applied, resulting in 3.8 pounds of nitric nitrogen per inch of water, 
while where 15 inches were applied it was 1.1 pounds of nitric nitro¬ 
gen per inch of water applied, and when 25 inches of water were 
applied to the soil the nitric nitrogen produced was only 0.7 pound. 

Miinter and Robson found that hornmeal decomposed more 
rapidly in dry sandy soil than in clay or loam, whereas with higher 
moisture content there was little difference. Ammonia sulphate 
transformation increased with a higher water content. The best 
nitrate formation from hornmeal occurred in sandy soils. In clay 
and loam it was best with a medium water content. Sharp found 
that the water content most favorable for ammonification was 
not the optimum condition for nitrification. The former was 
most rapid with a 25 per cent, water content and was not markedly 
affected by 3 per cent, differences. Nitrification was at its maxi¬ 
mum when the soil contained 19 per cent, of water. When it was 
increased to 25 per cent, the rate of nitrification was decreased 
50 per cent. 

McBeth and Smith found a slight variation in the number and 
nitrifying powers of soil, depending upon the moisture content. 
However, Gainey considers that among the factors controlling the 
bacterial activity of a soil the available moisture probably plays 
a leading part. But the author has reported results which indicate 
that the nitrous nitrogen content of a soil is independent of the 
irrigation water applied up to 37.5 inches a year. Results recently 
published by the Utah Experiment Station clearly demonstrate 
that the influence exerted by water upon ammonifying, nitrifying, 
and nitrogen-fixing activities of the soil varies greatly with the 
organic matter in the soil and is much more marked in effect on 
soils recently manured than on those which have received no 
manure. 

From the literature cited it may be seen that the nitrifying power 
of the soil is a function of the moisture content of the soil, and 
that the optimum varies with the physical and possibly with the 
chemical properties of the soil. Recent work at the Utah Experi¬ 
ment Station shows a close correlation between the nitrifying 
powers of a soil and its water-holding capacity and varies only 
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1!*’, roar!i(‘(| it-, niaxiniuin at 27 , and rtsi rd al .“•d. 

nrhdrain found nitrifiratioii alino^ t ana od a! d ( ,aiid dridii ' » i; 
slo\vi\ in soil, uliirh ha\r boon fro'/on. ui t lani loiiud ili»’ ir»f/ina 
of soil iiirrra.io if. nitrif\iii|.!: po\u‘r-. dlii' r frin|n-raflirr ar*- 
cUK'slionofl 1>\ oiiHs for oxaiiiplr Wariii^non taP- thaf la a 
luiahlr t(» start nilrifiratioii at IP t 7 

! III! rliinsoii ‘lii'o. ihf «>pfiinuni triiiparalufo fftr nil rifirat ion in 
Pusi ..oil at 2d i\ No nilralfv- wrro fonnod at In . latr did nifii' 
n<‘alion takr piano in sea! whioli hail ham kopi at |n t vJimi if 
toinpcratnn* ua,-. aftnruard rodumd to 2fi i\ din* t- appar* nt 
c’ontradintioin* iiia> br n> diflVniil ■■Indii of tbo oraafii in 

varying' in ;n*iidti\‘nnn--- In boat. Hntldii*'-. i t»laf*si four labif 
forms of nitric and three of nitron* ferment . Hfir of ibt ififrio 
forms warn eapalelr of n-d.dinif the aeiion of team af Ifin c . for 
two minnte. and one of the iiifro!i>, baeferia liu'd lor om ifii{iiin< 
in .steam af the same ternperatiirr. dlie other fwo f'l rntriii 

could not witlndaiid steam lait aini\ed for eirral {idiiiitr in a 
dr\ heal of Hff' to HKP (’. Morro\ei\ Ba/arew ki loinifi the him f 
fa\orah!e temperature for nitrifieation in oiil-. to be bi’ftteeii pd and 
27" r., or iiboni lit i \ lower than in pure failtnri* in artifiMal 
media. 

Kinyn in las work, found fhat there wit. i,2i» time a miifh 
nitric' nifroyam baam-d al !r T. at I I'., 2.7<* lime a fiiiie!i ai 
20", and 1121 times as miic*h at 2d", as at I . dim ir:ijtfi» an* e of 
these h^nire ds hrcmpdi! out mori*fiill\ when we i'xamifte the afiioiint 
of iiilric* nitrogen editained in some eases. ,\f I C . tkeff* were 
former! 120 poiindH fMTaere; a! 0"', IdO potind- per acre; af pit . :pyi 
pcaiiids |M‘r aereq w hih* at .'Td tlii'fe were fcnuied 717 pfninii-, peraere. 

light Rays, dlie iiitrifung organisms are heaf-Ioung and liplit- 
avoiding, dlmy are depeiideiit on tin* heal ctf the isirfh or of lie' 
sum bn! thf*y nury on their ac'tivilii's be4 in tin- ab-fmei' of oinliolit. 
|)in*e! sunliglif, partly dm* the c'laigulatioii of tte* hacirriai eoB 
loids Iiy tlie rays of the nltraviolet light, sooit pnoes fatiil fo llieiif. 

Aeration and Cultivation^ Idte nitrifung baeferia are id! aerobie; 
henca% nitrific'ation is bed cUher things heifig ef|iial in a wi'lh" 
iierati‘d soil. Idiis is illiistnited by the work of Sebhidfig who 
expCKsed soil fca* four months fo an atiiiosphere eontaiiiiiii: ditlerenf 
IKtreentages td c^xygen. Soil ivliieh c-ontitini'd l.d pem eeiit. of 
oxygen yielded 4d.7 mg. of iiitrie nitrogem that eofitaining i? per 
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cent yielded 95.7, that containing 11 per cent, yielded 132.5 mg., 
whereas that containing 16 per cent, of oxygen yielded 246.6 mg. 
of nitric nitrogen. 

Plummer found there to be an optimum mixture of carbon 
dioxid and oxygen for the best production of nitrates. This he 
found to be one containing from 35 to 60 per cent, of oxygen. But 
Hutchinson found complete nitrification of ammonium sulphate took 
place under semi-anaerobic conditions in which no nitrification of 
oil cake occurred. 

Stirring and pulverizing the soil is, therefore, of great importance, 
as further shown by the experiments of Deherain. A number of 
pots were filled with soil. Part of them were allowed to stand 
undisturbed, while the others were poured out upon the floor and 
frequently stirred. -Those stirred invariably contained from ten 
to forty times as much nitrates as did the unstirred. 

The work of King also shows that the stirring of the soil affects 
nitrification. Pie further found land plowed in the fall contained 
a different amount of nitrates than did the unplow’'ed land, the 
difference being apparent throughout the followdng summer. 

Crop and Fallow. —Plven as early as 1855 the work at Rothamsted 
had demonstrated that the beneficial effects of fallowing lies in 
the increase brought about in the available nitrogen compounds 
of the soil. Deherain and Demoussy’s work indicated that there 
is a larger production of nitrates in fallow than in cropped soils, 
and Pfeiffer considers fallowing an extreme form of soil robbery, 
for he found that it promotes the activity of the soil organisms, and 
hence hastens the exhaustion of the nitrogen supply. But, as it 
is so clearly pointed out by Warington, these results may not hold 
in a dry climate or during dry seasons; for here bare fallow^ may 
not necessitate this loss and much is to be gained by its practice. 
But it must always be borne in mind that if there be sufficient 
moisture the loss may be great. For instance, Schneidewind, 
Meyer and Munter record a loss in fallow plats of 85.5 pounds 
per acre, which even exceeded the nitrogen removed by the growing 
plant on the cropped soil. 

On the other hand, McBeth and Smith claim that plats con¬ 
tinuously cropped to alfalfa, potatoes, oats, and corn all show a 
higher nitrifying power than do corresponding fallow plats and 
that the stimulating effect of crop production on the nitrifying 
power of a soil is most marked in alfalfa soil. This is in keeping 
with the recent findings of Welbel, but is contrary to the findings 
of many other investigators, for Heinze found fallow to increase 
the pectin, cellulose and humus fermenters and also the ammoni- 
fiers, nitrifiers and Azotobacter. Russel finds that late summer 
fallow land is richer in nitrates than is cropped, even after allowing 
for the nitrogen taken up by the crop; and Heinze shows that 
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n‘|H‘alr(l (‘iilfixatinfi uf fallow .-.oil iiioroa-t‘«i fltt* niHitlHi’ of orrato 
isms ill Ui(‘ soil, whilo Ililfnrr maintaifi ^ lhaf iio iiif'oii tu rfir 
in soils ulioiT an* ^urowiuL" \!u'oroii 1;*. an*! fislnn lai'iS' 

cftianlifios t>f nilro,Lroii. Tlii--. lattor \ , Imur^rr, i fho I'Wrniiv. 

as is shown hy mnrh of tin* litoraliin* on flit* aihjorf. 

Wolliol and Wiiiklor found lhaf fallow noi iis'roa rd fito 

assiniilahh^ nitro^vn, hut a!>o tho availaldo |dio phorio a*id of 
thn soil, and that iho inoroaMal yiold of wlioal afliu’ falhw. i din* 
to Ihoso fachu-s. Ihil P»\ohikliin and Skal.ddi fHaifl oi|! fliaf tall 

fallow is <‘\'oii rnoro wa'^toful of -.oil nitraUo than i iiiiinior lal!**w. 
for Ihu'o tho (‘\oo.ssivo rains wa-di I la* ‘.oliihlo mlnilo from ilio t>il 
as fast, a.*^ fonnod. d'lto oultivafiiiir «>(' fallow fiirliior inoroa r th** 
nitralo (auifonf, a^* wa'-, ,-.hcwvn l>\* Rioliard-on. \itrilirafion i 
rolatod to fallow and orofn as nia\ ho .-oon from tho follow ina ro idl 
ohtaiiU'd by tho author; 

Msllii-ti '»!o M'S,5:.:*' 

C’ill! ivaf f*n .... . 't.fr, If 

Virgin Moil ... If H'l h as 

Whimi o»i! . . 'I aa i I wj 

Alfnlfii.oiif . r r:. r/ n 

on!, frillott, «'0‘ a 4?. 

d'lio rosuils roportod nialor iiiilli|.rrams of iiifro| 4 on fl\#s! inilifatr 
that in an aricl seal tho inoroa.Hod nilro^jon fi\afioii in a fallow oi! 
inoro than chfsot-. f!io lo-s of iifirato-i, o\oii thoiwdi rapidl> fornirtk 
for lilllo, if an\, wotdd ho kof in tho dntinMia’ wafor , Hh' r 
rosnlfs ha\o rooo{it!\ boon ftaifiriii«‘d h\ Root! jind Wllliaiii . \|oro* 
ovor, lh(‘ nmnhor of oriz'aui'aii- in f!io .hoiI and fho rapiiiff;. of fin* 
haolorial a(’ti\il\ within tho miiiio i.-^ ^roin^ !«» laiw yrt'all;. With 
tlio t laa’ouKhiioss and fiiiio of f*!illi\at ion, a howii h;. Molroraiij, 
Nfish, Kin|^ and Whilaan Riio-'4or and C|iiiro|^a. wfiih* tlio iiiinihir 
and aotii'ily of tin* oraaiiian'*. in tho soil mux in a dii.!rf'o dotorifiiiio 
tho spoorl with whioh f!io wafor o\iiporafos frofn ;i ■■'.oil. 

dla* Wf»rk at tho Rotltanr-^od slation oarl\ doiiion'.trafi'fi llial 
tho nitrafo.H in tho dniiiaii^o wator from flu* \jirioin-. plats wariod 
groatly, clopondiii^ upon tln^ orop growini^ upon flw -oi!, ihii'-' indi* 
oatini^ a rolafionsliip hofiiooii tlio a\'aiiahlo iiifroi^am in a .-■oil and 
orop i^rowinic nfani tho s<ji|. Sinoo that fimo iiiiiiis 
liavo ('onfiriiiod this oonoliisiom Fiirf}if*riiioro, and Ul'dioai 

found 22 por «‘oiit. inoro riitro^on dovolopod from soil iiflor oho or 
than from noil aftor oorn, and R# por ca'iif, tnoro fiiati nfti^r oaf 
Lator work hy thfuii showcal tliat fhoro aro y^roati^r piiantitio'-i «if 
nitratesH tliroughout tlio onliro soason iu seal niidor oorii pofaioo v 
than in .soil iiiidor olovor and oats. Sfowarf am! firom%o,H foinni 
that dilforent plants show a markod diffiTom^o in flii 4 r doinairds 







CROP AND FALLOW 


233 


upon the nitrate content of the soil, there being* a steady decrease 
in the concentration of the nitrate content of potato and corn 
lands as the season progressed, while that of fallow and alfalfa 
remained practically constant, the nitrate content of the latter 
being uniformly low through the season. According to Lyon and 
Bizzell, soil that had produced alfalfa for five years was higher in 
nitrates than soil that had grown timothy during the same period. 
Furthermore, the former nitrified ammonium sulphate more readily 
than did the latter. 

Brown found that the rotation of crops caused an increase in 
number of organisms in a soil, also greater ammonifying, nitrifying 
and nitrogen-fixing powers than continuous cropping to either corn 
or clover. Furthermore, the crop on the soil at time of sampling 
was of more importance from the bacterial viewpoint than the 
previous crop. However, the preceding crop has a marked effect 
upon the nitrate content of the soil, as is seen from the work of 
Lyon and Bizzell, where plats that had been planted to certain 
crops were kept bare of vegetation in the early part of the growing 
season of 1911. ' Nitrate determinations of the soil were made and 
the nitrate present showed a distinct and characteristic relationship 
to, the nitrate content found under the several varieties of plants 
previously grown upon the soil. Later they showed that alfalfa 
soil nitrified more rapidly than timothy soil, both in the soil on 
which the crops had been grown continuously and in that from 
which they had been removed and the soil kept bare for two seasons. 
The author has shown that the nitrifying powers of alfalfa soil, 
while slightly higher than that of virgin soil, is very low when 
compared with either wheat or potato and fallow soil. Further¬ 
more, the extensive work which has been conducted at the Utah 
Experiment Station demonstrates that there is a very pronounced 
relationship between the crop growing upon a soil and its nitrate 
content. However, in this work the nitrate content of the alfalfa 
and oat soil is very low, while that of potatoes and fallow is high, 
and we find the nitrifying powers of alfalfa and potato soil high as 
compared with fallow. 

Nitric nitrogen Nitrifying 


Crop. in soil. powers. 

PaUowi.lOO 100 

Alfalfa.36 148 

Oats.36 108 

Corn. 33 77 

Potatoes.99 21 


Hence, we can conclude that alfalfa not only feeds closer upon 
the soluble nitrates of the soil but also makes a much greater drain 


1 Fallow taken as 100. 
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upon flu* iusoluhlo nifrf^tj'on nl I ho -^oil b\ inoi*oa-iii:! if ui f I’ll;. iitt'' 

powors. 

Season. Tlio soa^ui of I ho \oar h.'i'. a luarlanl iutliioiirf iipuii 
tlio baotorial aoli\'itic‘^ of Iho rajib bul it ia*t iiooi* aril;, onrro- 
latinl with the uttrato ooufoiit «>f Iho '-oil. So!il<» imr toiiiai iho 
uitraiosiii thiMlrain waba* from botli maiiuroil aia! i»il 

hi|j:li ill sprini^, a^ ooniparod with inidHUiiunor, fall, or wiiifor. 
oonlirtuiii^ tin* ro,suits cdpaiuod at iho I(ol liaiit'4ofi tafioii. 
n^ports n<*arly (ivo limos llio cpiaufif} of uilrato. in fallow and 
on)pp(‘d soil during Juuo a.', during \<Aouib«‘r. Ho doo , |iowi*\or. 
find inon* durini^ Jiuio tliau dtiriui: Ma\. dlii* o\aof asi tui t»f 
tho y(‘ar at whic*li tho ina\iiiuim iiitrato c'oufoiil i ro;o*hot| will 
vary with a nuinlHT of faotoFo, f'hiof aiuoui: whtoh i fho laud of 
onip ^rowin|( on tho soil, for Kiuiz a,nd Wliit oai found ilial tho 
uitratos in tin* Mirfaoo hM>t start iu tlio ^priui; ooiuparafi\r!;. iow 
and iuc*roas(* rapidly until »hnio i on olo\or and oaf in'oimd. and 
until Jul\‘ on oorn and polatt) irrotiiid. h'roin Iho’-'O* daft*''- flay fall 
nioro or loss rapicll\ and tho work at tho Ttah MalifUf doinmi irafo* 
oonolnsi^ady that thon* is a soasonal \arialioii. dopondiiiL! upon 
toinporatnnn crop and f|iiantit\ of irrinutfion wafor applied in 
iho soil. 

Mon’ouun Andrb has •'.lunin that tho insoliihli* nifro^foitiai^ 
ooinponiids of liio surfaoi^ soil aro lariroly trair-fornioii inio '-^oluhlr 
ooinponuds duriiif^ the* suiinnor, and flioro* aro wijlol;> ihll'ii od 
throti|.ch tho {h*opiT lauu’seif soil diirint^ t!io wiiifor. -o ihaf in fho 
sprin|.( tho lowor Ia\ors af >oil oonfaiii inoro sohihio iniroyoii than 
tho surfaea* soil. At tho oiifl of MUinnor, liowo\ai\ fho di'Uribiifion 
is (|ijito uniform, dliis finding" iia- boim aiiipl> loriliod b;. fho 
roHults n*porte*d In Slow art and Ch*o;t\OH. WVIbid, «loiovfaj, and 
Lycm and !hzz<’ll. llio rosulln will \ar\. |}otto\oi% with difloroiii 
.noils, as shown b\ Hus.-a*!! who r«*|Hirf.s fho fhiofiiafioii'.. in nifrafo- 
inoro iiiarkeal on loams than <m ola\"s or .unifls, \It»rofi\or, ho 
fomai th<‘ baoteuiid aotivitios iintoli i^roator in oarl.' oiimurr flijin 
lator. 

Moll ewoii i^ooH ‘Mi far to olaiiii from his work tliat fii*^ sisa.iui 
of tho yoar is the* prinoipal faotor in dotoriiiiniim iIp’ bioohofiiioid 
Iransforniation in a Miih and Iloiir/i* found ihiii tho imiiibor of 
c^ri^uniisms in a soil was hiirhost in tho snmitif'r imuiiliH and |owo4 
in tlio fall and spring. As alroady fMantod out, tho higho-f niiri- 
fying pnwor of a soil is imt nooo.H^aril} oorrolatod with I hi* liiglioa 
nitrat<! (*onf(mt. 1lio hit tor is highost in sprinir fir mifiifior, 

while* Vog<*I found tlio foriiH*r to bo highost in Ch'fobor aial Xo\oiii« 
l)ei 7 aftor whioh tlioro was a falling off iinfil April, wlion if roso 
again, hut not so high as in atiliiinii. llii'n rmrros|Mifiil-H fair!> %%'oll 
■with tho findings of (froon, for flio aimiionifyiiig poivf^''. of fho 
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soil. These findings, however, are contrary to those of Wojtkie- 
wicz, who found the maximum number of organisms to occur in 
soil during the spring and the minimum in the winter. He also 
notes a correlation between bacteria present and the amount of 
nitrates in the soil. 

Climate influenced the nitrifying powers of the soil, and Hilgard 
taught that the nitrifying powers of the arid soils are superior to 
those of the humid soils, but the extensive work by C. B. Lipman, 
both by laboratory and field experiments, in which soils have been 
transported from humid to arid districts, and vice versa, has shown 
just the opposite to be true—namely, that the biological activities 
of a soil are more pronounced under humid than under arid 
conditions. 

Quantity of Nitrates Formed.—The quantity of nitrates produced 
in a given soil varies with all of the factors which have been con¬ 
sidered; hence, any results obtained must be interpreted with 
this in mind. The greatest rate of nitrification noted by Warington, 
when working with an ordinary arable soil from the Rothamsted 
farm, yielded 0.588 parts of nitrogen per million of air-dried soil 
a day. Similar soil supplied with ammonium chlorid nitrified 
about 0.924 parts per million in the same time. 

Lawes and Gilbert, working with the far richer Manitoba soils 
and with a higher temperature, obtained in two cases (soils from 
Selkirk and Winnipeg) average daily rates of nitrification of 0.7 
parts of nitrogen per million during three hundred and thirty-five 
days, the rates during the early portion of this period being as liigh 
as 1.03, 1.24, 1.36 and 1.72 per million. 

Deherain, working with a soil containing 0.16 per cent, of nitro¬ 
gen, obtained daily rates of nitrification varying from 0.71 to 1.09 
per million in ninety days. Working with a richly manured soil 
containing 0.261 per cent, of nitrogen, he obtained a maximum 
daily rate of nitrification during forty days of 1.4S of nitrogen 
per million of soil. 

At times the difference in nitrification noted in different soils 
may be due to a difference in physiological efficiency of the nitrify¬ 
ing ferment, as Marcille compared the nitrifying powers of tliree 
different soils and found that the poorest yielded an organism 
nitrifying less rapidly than the others. Some soils nitrify ammonia 
more readily, while others nitrify cotton-seed meal more rapidly. 
This must be due to diff'erences in the metabolism of the organism 
found in the various soils. 

Hutchinson considers this variation at times due to toxins which 
develop under anaerobic conditions produced by water saturation. 
Subsequent aeration removes the toxic condition and the formation 
of nitrates takes place. He also found copper had a decided 
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infliH‘iic’(‘ in unit nili/.iiiu llir tnxir .'^f*\iTa! ufiirr nh fi'u*!* . 

iiH’liKCini^iX-Suii!h and I>nUn{iili*\, rlaitn n» lia'.r tminti uiiihli* 
hanfrria toxin:*; in '.oil. !!n "'".rli and I Inh’liifr <in, on i hr «a In-r iiaial. 
ohfainoil wholly nr*4’ati\r rr-filt". and rni{rit|tii*d fhaf ohihlr 
l>actnrio"loxins an* not normal oon fifurnt * of ri! . Iiiif mira 
n*f>n‘snnf uniiMial c'ondidons ufiorr\rr lhr\ orriir. Bill, a pninfril 
out, hy I{ii.ss<‘ll tlio po.i:'dt)iIif \ of ihr r\i anirr of fiixii! oinhlr in 
watrr still remains. 

Loss of Nitrates, dla* lor-^ of nilrir nitroiaai from a oil iiia;, hr 
oitlaa’ i^Toat (»r small dnprndimr iifH)n n-rfaiii fartin* , thr inorr 
important of whif'h an* a^ follow 

1. 'Thr rapidity of nitrilirafitni. Xilrir nifroarn iiiai ht* pro-^ 
dm*rd in .'^omr soil.^ -,o raf>idly tliaf «*\rii lu\iiria,fif \m:»'ta!ioii will 
not rrmo\am! a.fart ar forinrd. uliorra-mii aiioihrr rhl if iiia;, fir 
formrd sf^ s1(jw)\' that if will not Miflirr for mm ifira;:rr Ln'ouiii, 
dlir lo.rs in tlir first rarr may hr \rr\ lari.a% wliifr fhaf of I hr rr<,iid 
would 1 h‘ nrarly zrro. 

2. d'hr naturr of fhr soil. A liirli! soil, othrr thiin: tiriim rfiiutl. 
Would rrtain fhr nitrir iiifn^^m to a Lwralrr i‘\trni fhan would 
a Ioo.s<‘ porous soil and a drrp seal tlian a -.hailow f»if. 

2>. Thr amoiinf and dirtrihiifion rainfall. All «»tiirr rondi- 
tions b(‘ing rcpiah fhirt\ iiirlao of prrripifation ihroiurlifai! fhr 
ynar would rrmoia* inorr nitrir nitro|,a'ii from flir oil fhaii would 
fiftrrii inrhr.s similarli diNfril>ufr<i. Bill if flir lifirrii iiirju' raiiir 
wifhin a .shcal faTiofl, whilr ihr ftiirf} wa * di-frihiilrf! throiudi- 
out tlir \rai\ thr liftrrit iiirlir-- of rainfall iilidrr fhi-.r rotititlioii 
may niuovr morr nitrir iiitroyu-ii fnnii llir sfiil fhan would ihr 
thirty. 

4. dTr rapidit\ with whirh flir nilrir iiitrogmi i-"- rriiiinrd Ir 
thr i^rowini^ rrop. Alfalfa, oaf ■* ami wlirat arr hra\ \ iVrdrr--^ upon 
nitrir nitro|^rn and in ino,4 sc41» rriiimr if ns fa 4 a-, fornird. Hriii'r. 
liitlr is Irft fo hr witshrd out !>\" ilir dniimnas Morfaroux rrop^ 
surli as ifirsi* rapiflh naiioir ihf* wafrr from thr soil and hriirr 
diminish tin* dntinagr from :nirli -wiils, ^ilorrovny rrop;i i^rottiiui; 
during tlir rainy srasfm triiii to roitsrrvr fhr nitrir nifrogrii iihrrr 
fallow soils rapidly hm* nitrir nitrogni dtiring liiin prriod. 

5. Tlir rapidity with wiiirli nitrir iiitrogm is trairdoriiirfi info 
prohan nitrogem Ijv soil mirnMirgaiiisniw It Is mm kimttii tliaf 
them am within thr soil many iiiirroorgaiii:H.iii;H wliirli iraiiHforiii 
nitric; nitrogen into prolrin nifrogni, and fin* sfa^rd %utli whirh 
this c'hange ocaairs may a! fimrs tirroini* iiiiportiiiil ; work at thi' 
Ttah Kxperimeiit Station indic-ates that this iiiai at fimrs rein'h 
twenty or thirty p<a.nids ja*r nrm ynirly. 

The fimtors must always he kept in mind in an aflriii|t! to rearh 
general conclusions from any siaaiiil riise:s, it is iiiHtrinlive to 
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CHAPTER XXIL 


DENITRIFICATION. 

It has been known for a long time that under conditions which 
were not fully understood, there may and often does result a loss 
of soil nitrogen. Most of this is due to the loss of nitrates in the 
drainage water, but occasionally there are losses which cannot thus 
be accounted for. This has been attributed to various causes, 
namely: (1) the liberation of elementary nitrogen in the process 
of decay as the complex protein is broken down into simple products, 
(2) the reduction of nitrates or nitrites with the production of 
ammonia or elementary nitrogen, (3) the transforming of nitrates 
and ammonia into complex proteins through the action of micro¬ 
organisms. 

Often the losses from all of these processes have been grouped 
together and considered as denitrification. This vague usage of the 
term has led to considerable confusion and often erroneous con¬ 
clusions. But the term denitrification in its proper and more 
limited sense refers only to the complete reduction of nitrates with 
the evolution of elementary nitrogen. It is, however, often applied 
in a broader sense to include all deoxidation processes whereby 
nitrates are partly or wholly reduced. But, as 'pointed out by Lip- 
man, for practical agriculture the dift'erences are of some moment. 
The partial reduction of nitrates to nitrites or to ammonia does not 
necessarily involve a loss of soil nitrogen, whereas the complete 
reduction of nitrates, wherever it occurs, must of necessity involve 
such losses. Hence, there is some justification for referring to the 
partial reduction of nitrates as denitrification. But it is not justifi¬ 
able to classify under the head of denitrification all bacterial activi¬ 
ties in the soil wRich lead to the disappearance of nitrates or even 
to the diminution in the total store of soil nitrogen. For it has been 
repeatedly demonstrated that the nitrates may completely disappear 
without involving any loss of nitrogen. 

Early Theories.—We have seen that the early investigators 
attempted to explain nitrification by purely chemical theories. 
This was also true with denitrification. Kuhlman, as early as 1846, 
expressed the belief that nitric nitrogen may be reduced in the soil 
to ammonia by the fermentation of organic substances. This same 
idea was brought out twenty-one years later by both Froehde and 
Angus Smith, and it also appears prominently in the writings of 
Johnson in 1870, and Davy called attention to the fact that gaseous 
nitrogen was set free from decomposing organic matter in the soil 
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The splitting-off of free nitrogen, theoretically, could be due to the 
reduction of nitrates or the action of nitrous acid on ammonia or 
amins: 
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2H2O 
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HNO2 
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2H2O 

CH3NH2 

+ 

HNO2 

= No 
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Lawes^ Gilbert, and Pugh showed that losses of nitrogen often 
take place when nitrogenous organic matter was made into an 
''agglutinated condition’' with water and allowed to decompose in 
the presence of air. Practically no ammonia could be detected. 
Three possible reactions were suggested by Lawes and Gilbert: (1) 
an oxidation analogous to that of the action of chlorin on ammonia 
by which free nitrogen is evolved; (2) a reduction similar to that of a 
great number of substances upon the oxygen compounds of nitrogen, 
by which the oxygen is appropriated and the nitrogen set free; (3) 
the two actions may operate in succession, the one to the other. 

Organisms Concerned.”-Gayon and Depetit, however, were the 
first to announce that the nitrogen originated from the nitrates. 
They found that the ferments which possess this power need organic 
matter for their development and that part of the organic nitrogen 
is transformed into ammonia and perhaps also into amido-deriva- 
tives of organic substance. 

In 1886 they isolated two organisms—P. denitrificans, a and p 
—capable of reducing nitrates with the evolution of gaseous nitrogen. 
They also encountered a number of bacteria that could reduce 
nitrates to nitrites, and since that time the denitrifiers have been 
found ver}^ widely distributed. 

The discovery by Breal that many substances of organic origin, 
and especially straw, are the carriers of denitrifying organisms was 
of far-reaching importance. These organisms are, therefore, carried 
with the litter to the manure and later with the manure to the soil. 
It was found by Kunnemann that horse manure as a rule contains 
denitrifying organisms and these are usually of two species, one of 
them also being found on straw. The organism found only in 
manure reduces nitrates in symbiosis with B. coli and is B. denitrifi¬ 
cans I of Burri and Stutzer; the organism occurring in both manure 
and straw is the B, denitrificans II of the same authors. The denitri¬ 
fying organisms are less frequently present in cultivated soil and 
are usually a different kind. Yet they are abundant in the upper 
layers of the soil. Bazarewski found them irregularly distributed 
in the deeper layers of the soil, but frequently they occurred abun¬ 
dantly at a depth of one meter. They have also been found to a 
great depth in the Nebraska soils. Putnam examined 201 species 
and 139 were found to reduce nitrates to nitrites, while the other 
species did not effect this reduction. Burri and Stutzer called atten¬ 
tion to the fact that while there are many bacteria which will reduce 
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Asj r alknliiH* rraflinii i :il !iiifiii«al Im ih^ jnsi! 

aclivit\ «)f <l(‘!sil rif\nr^aiif itj .a ua ra!’l> h, Plail’i-f, 

l>ut i!ir a{>piic*atioH of -oirh hnaio (|uai!iifi«’ r;iii fa Ima lu «ai 
as hi‘ found naro - arj, to rlirrk d«'fiifrHioafi»at friid Im iairii miii 
ilio nitroj^ouoii;, ort!aiiio fuatlor. a ha hopn a}ii|tl^ dfifMai Maiu*,] 
In' IIh^ w« jrk ifi Prim \ 1\ania. 

Food Requirements. d1ir (ntnl roiiuiroitifaii m| iho dt uifI'lriM’ 

arr ijuitr .similar to tho.o* of o!lirr-otil uraani in . I la*; ' art, a* < »»rd . 
iii^L^ to Hirhai'dr* and liolfo, iir\i\'o in piii'rl;, iiiiia ral iiadui. Piit in 
surlj nirdia tlu' rrdiirfinii of uitralf*'- fair |>la*‘r rr^ I. and 

inroniplrtoly. Jrii:".rii foiilid a rorfaiii rtlafiMii iiip hmao-ts ihr 
nit rail* dr:-1 ro\rd and t ho rarltou r(»iiipofiiid u <'d. \i*drfmritii;o- 
tion laloo, plarr w it lioiit a otiroo t tf oarPoii. dli«'tqa'miia! !’»!,ifaai 
lH‘t\\rrii till* oarkfui and tlio iiitralo ii t'd wa found \\ t ar*Uf 
to !)i‘ fi>r two : troit,!^ diiiifrifior' //. /a/ ry/u/on- and ll. fhi -o. f./.',■• 
HiA i\ I prr ooiif. dr\{To-,o to I Jt por ooiif. pota mm mfratiis 
Uriliirliou of ihr nilrali* -aipply far iirlow that of i'r*’a!n 

rrducM'.s tlio ififrn-d!\ of lli«' proof , lirrin*»ro, flu* d*- trm d* t* 

Fmaurnlation (»f ihfrafo.; tfopiaid to a uroai fsfoof un ilf i har,iof» r 
of tlir orpuniio sfih.-;!anor > in flir nnlrifivo uirdinim muh ht inu 
nnirli lirlfor adapfotl than olhrr to fiiriii li tlio iiooi- ar; ofior:;,y 
for thr hrrakiii| 4 “ down of fhr niirato , Mf4dM'a f’laiUf fiiaf tint i 
c»f tIn* drnitrih iiii^ bartrria ran r mt ri'diifiion of niirafi in inodia 
wliori* rliriinrall} purr d. Ir\i{!o oaiidd, ifalarf** oarr |a> « in, X^r 
is driiitrifiration fai oi’i'jI In irlii(' 0 '--r in imfriiivo o»|ijfioii ntiitror . 
1ml is proimdrd liy f Ilf' pro’O'Hf'tMif alt f4 oryauio aoiii . Hki piUut 
.siinn lartato, or :-odiinn ritratr. llir for ihi : I tfiai rdia o o 

is not as snitahlf* for fiirnidiiinr tlio iiioffoiilar f'lituus;. minirid for 
the lirrakin.ir tlowii of tlio {diniios. a.h art' tho .di of ornaiiio aohi . 
Stutzor frird four diliVrrnl oryani in ^ and foiiiid thaf tiir;. i o i* * 4 
tlir power of {Iniilrilirafion in a diilVrrnf floyrri'. dliiir a< tiofj on 
thr dilFrrrnf inraf r\frart-^ on tip' iiiarkof i'. al o lariaPh*. /h 
harilfhii was tlir only oryani-an Ir.iod by liiin wiiirh foiihi d#' fr«»; 
liitnilr.s in n inrditiin rontaininp Litdiiy^s hoof r\tni< f. lb* '■iiyyr ft r| 
that this phriioinriioii may hr diio oitfior to n dilloniirr in t'hrmit a! 
rouHtitutioii of thr roniponipis or a dillVmirr in ioitiyaiimn llir 
kiiOwl(*dgr wr now pf?HMf*ss ronrrrniny tip* .qM'oifirif\ of I’li/mnr 
would load ns to brlirvr fin* fornif*r to hr fhr frin* rsphnpifhin. 

(Vrtiiifi of till* most \\idrl\‘ fliHtriliiifrd fiirftiiliuiraff'*- in aa! and 
inamirrs, im ffir rxaiiiplr \\ioHr and firabinosis arr nof r-..:pf'oia!l\ 
good iinlrirnls for d4mifriP iny liarfrria, ms'ordiiiit fo MoIJa us. and 
Vitek* dim <(iiaiitifafi\r ndaliomdiip ^dfirh tipo fonnd fo ornir i 
widely dilfertmi with the I'arioiis rarboii\drafr . Ih th«‘ lsn*!rria 
wdtirli rediire nitralrs fo nilrilrsand finaili to annitoimo //. /ryfob/ot 
fi^diired 20.fl!t per rritb of ihr nitralf* iiiirogon prooiit to aiiifiioiiia 
in tlie pre.senee of gliieoise I.l pn* mil. in ihr pn'o-firr rif ii*\-iiiofo% 
iJ2 per c»eat, in the presence of gahicptse, and ptil prr rrni. in tlie 
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presence'of arabinose; B. mihtilis, 2.41 in the presence of g:Iucose, 
6.55 per cent, in the presence of levulose, and 6.22 per cent, in the 
presence of galactose; Clostridium gelaiinosin, 45.55 per cent, in the 
presence of arabinose, and 9.68 per cent in the presence of xylose; 
and B. T^'odigiosus, 2.58 per cent, in the presence of xylose. The 
reaction was in all cases relatively slow and was not alike for all the 
sugars. 

Of the organisms 'which reduced nitrates to free nitrogen, B; 
hartlebii set free 93.97 per cent, of the nitric nitrogen in the presence 
of glucoscj 87.59 per cent, in the presence of levulose, 84.66 per cent, 
in the presence of galactose, 66.38 per cent, in the presence of arab¬ 
inose, 83.38 per cent, in the presence of xylose, 84.48 per cent, 
in the presence of sucrose, and 77.15 per cent, in the presence of 
lactose; B. centro'punctaium, 5.17 per cent, in the presence of glucose. 
E, flitTovorum, 5.17 per cent, in the presence of leviilose; B. coli 
commimis, 5.34 per cent, in the presence of galactose; and Bact 
flnorescens liquejaciens, 7.08 per cent, in the presence of arabinose. 
The reaction was as a rule very intense both with the sugars and 
with the salts of organic acids, especially of lactic acid, and was 
accomplished by a gradual breaking up into carbon dioxid and 
hydrogen or into carbon dioxid and water. The hydrogen produced 
was thought to play a very important reducing role. 

Xylan and araban, the most abundant and widely distributed 
carbohydrate materials in soils and manures, yields on hydrolysis 
xylose and arabinose which are very poor sources or carbon and 
energy for denitrifying organisms. However, Stoldasa and Xitek 
found that the typical denitrifying organism, BJiartlehii, assimilated 
33.6 per cent, of the total nitrate nitrogen in a nutritive solution 
containing arabinose and converted it into protein compounds. 

Sodium citrate, sodium acetate or glycerin added to a soil greatly 
increase denitrification, and It is generally considered that the addi¬ 
tion of starch, straw, rape cake, compost, etc., to a soil favors deni¬ 
trification, whereas well-rotted manures, rape cake, and composts 
are much less apt to have this effect. 

Metabolism of Denitiifying Organisms. "“Deherain found that 
reduction w^as more rapid in closed flasks than in the open air, the 
nitrogen escaping mainly in the form of protoxid. From this he 
argued that the organisms, being deprived of the necessary oxygen 
of the air, were forced to appropriate that contained in the nitrates 
and thus accomplish their reduction, but we now know that the 
denitrifi.ers do not necessarily require anaerobic conditions for deni¬ 
trification, but do require a readily oxidizahle carbohydrate. More¬ 
over, as pointed out by Stoklasa, there are tw’-o classes of denitrifiers 
—one which reduces nitrates to elementary' nitrogen, the other 
which reduces it only to ammonia. Probably in both groups of 
organisms the first steps in the process are the same. The carbo¬ 
hydrates are broken down under the influence of the microorganism 
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inlf^ larfi(“ arid, :ilrf>hul, and rarfHin dardd. 1 Ir* lutr.itr ; r» diirt’d 
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Stnklasa and lH*lir\r ilia! nifroii ;r'id i ala.a, liir iiilrr- 

rnrdiafr |>rodurt in tin* rrdiiriiun of iiilr.itr . 1 ii»'^ < mu idrr tliaf 

rarhrn! di*^\id and hydr«»p*ii arr prodnrrd fnati thr t-arkMli; dratio 
or oryntnio arid'^ of tin* rnlfura! nr* lia an i lii*’ na ’riif ii;.drttaiii 
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d’hr I iFof'rs.-di . prol»al)l\ diir to fii/uiir . kdada^a altir In driiii ni- 
.■4rafr thr proditrlion of both o\ida r and |»ir»f'dd;i r b;. IL 
(IrNifrifi^'dtis, 11uiinr roirdidrrrd lliaf rt'diai iofi 111 , 1 ^ brdiudrtf infn 
l\v<t partr: thr liarf<‘ria! rrdiirfioii and llir rin\:. mat a* rrdinlion. 
I [(n\'r\ rr, w r arr !t*d to tlon! a \\ hr! lirr nl Isrr i <lur tn a ! rin- njiy*. nit% 
for thr rir/\ntr,-. u hirh Iia\r brrn oblaiia'd in iiiipiirr torfii-' aj'r liof 
alTrrtrd b\ lirat and thr rrtliiriiry iibnaii-’i' arr n«a firrilir, i 
tlir rasr with inoa rn/> inr , fur f!ir\ ff'dll ‘r I'ldofatr Im fl ilofid ■«., 
ararnat*’-". to amaiifi--, aial frridyaiiid fo frrrM’*;- .mid in ilr- aiiir 
in;uuH*r as nitratr.i an* j'rdiirrd to nilritr-t. 

Infiiiancii of Water, Man} of tin* rmili oltfaiiird un drinfrifioM- 
limi wrn* « il!t thr n ^r of liquid'-'-, ami if i iioi\ knom if tiiaf dmiilrilira- 
lion in proiu’r a-mltlFrrritiIi frtun ffiat in liquid . dr|irndii4f 

!ipon thr nalnrr of fhr baofrria and ifir pb;. ir.d rundifiofi of ibr 
furdiuin in \Uiiidi flay an* ■■•*>}!iiaird. In litfuid aini may mr! mh 
from wliic'li o\\nrii i'« f’\rlndrd, tiir bmlrria takr tlirir from 

tlir nitniJrH prr.anit in llir -oil and tliir- libi'rat** iiifro^fni, bnl in 
Wrll arratrd soilx this doi*'^-;. no! oriiU% tlir barfrria raii i| r f!ir 
i^rii of ! lir air. 

llir author failrd to find aii\ r\ idritn* fif df*iiiirilif'ati**ii in a lii|,:ii!\ 
ralrarroim aoi! to whirh had brim adfird froiii tr ffi dd tfuj^. pi-r arrr 
of maiiiirr and from 12.d to 22.d jN*r rmt. of iiioi-fifriy a-, iiia}.* br 
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,,.,,I,,.,1, ,1, ,.';tr':tl. \ ;in:iti.iii in tlu- iii'ii (uiv \Mtlnii ttic 

, un! hiini J.'.W. .r, ll.r r littl.'inlliM-iicr upnn thr pror.' .. 

TfUipfratutf. I' idji iii'T dial tin- t:ict<ir . uliii'h <a<'i h 

I, 1 ii.tlimar upi.n .1. Iiiirili.-aiinii aiv iirr :;'i<i n><- 

;,l M.hdifini, ,.t il).- mat.'rial w hi.’ll lun.i Ji<'. tlm 

, -rh. ..ivani lu fiui.-th.n !»> ,t at a t.-n.p.Tafur,' 

,dii, h i l.'^i’h . u.-r.li in anatl;. n-tanl nitrifirata.m '1 art mt> 
,.,,rri'.ai.all at a ratiir.-..f iu ('-in piiiv .•nil un-Init Ih.'iri • 

.,1,1, iir.- -..n l!a/arrw hi- tliat in tiiiv.l riiil iirr ; Ui.'> nnm 
a 1, .v . r 1 ■■mpmi t ur.a Tl.r .r fa.’tnr mak,-.1 pn.i.ahlr 

tint iah.aa'i.r iv tilt .,n .Iniitrifii-atmn an-hnth a . r-pnipariai uilIt 

...nliti,.!,' n., n «hrn- all .,f thr ntl.rr .-nn.lili-m - afr ..i.t.iniim. 
'I'h. .!, aitril' ill.' i.a. i. ria an- ni<,rr rr-iat.-uil In liithi ami <li>njU 
an- t|a ‘ ni'rif-in-j m' nitrn^rn-li^in^' ..retain in Ainpnla 

funn.i nnlu:ht t,. h.n.r ... upm. t«n ,lrnitnh.-r.. > "I"!'-'! 

liini /< ^ . ami II. ih inlnjiriinn \ \. 1 n |>m r .it 4 ilh'1 

«atrrtl„ .-..ntani m -.un-.-apahh-nf .urusiuK t'm-mvrn nmntli . 
Whrn .in.-.i, //. \ .ii.-.i sutliin <-ik1i' '‘■ 

rvm..' \ I wa a!i\r ami art i\r at llirrmlni li'-.''. 

Ur.aK-, of Nitrat*';i from Mamire ami Soil. '1 la- fun lint.-. <>1 Ha* ‘a"'''- 
irifdn.- i-a.nna mi 'raw an.i in maniin-. t.,n<-tli,-r with tin- '•■lal'-- 
ii hmrni nl’ il.r Im I that th.-\ ran nn.h-r ap|.n,priati- .-umiilimi ■ 
.h-run.pnr Iiitnilr. with thr rsnllltinll of tta ..-nil •. till H 11 , Ir.l 
\Va-/nrrin | Vi.Mn miphatiralK .h-rlan-tiial lia- ai-pliratimi -I 
nr h..r r inannrr . Ina .-if i -rirn m-t nnh mipn.fital.h- l.nt lianii ul. 
that tti.rn applin! tMU-fla-r with nil rat.-, I la-.v raiia-. I..\ vtrlm-..t la- 
,Hi,.r.,.,iT..ni ni ..,ntain.-.l in th.-im tin-.h-.tni.-tn.n I a-ml rat.-.. 
Mnrr than that, ih.- ham-fnl rllrrf • .In m.l A-.p hrn- t..r I a- nitmt.-., 
th.r, an- i:nMhia!l> (nrim-.l iVmi. tla- ni->,'anir mattrr..! Uir nil an¬ 
al atlarhr.i !>'. thr .Iriiiiril’>inj,' l.a<-lrria ami tlirii- nitn.p-n art 
frr.-. Ill n-alit}, ila-ti. llm aniiiinl iiianiin- . a[.l.h<-.i an- m.t <-nl> 
n .-Ir . in tii.iii rlvi-. iiiit arr haniilu! i.r.-!iiia- <.t tla-ir ih-.Irm-tn.- 
rll.-. f : .,n till- <>-,i.ii/<-.l Jiitmi-'rii (l.-ri\r.i t'rnin nllirr .nin-.- •. 

'Hi,. .- ,,,n.'!ii i<*n wrn-.-rifiri/i-.i l.> Warint'lmt \shn pnint.-.l mil 
that thr- wrn- l.a-r.i ni. .-viM-i-iniriit i in whi.-li tin-.in-: .iiist ■ <>1 .luiiK 
wri-r rn.'.rmnii ami tin- .aim- «nuhi iml nr.-iir umh-r <.nliniu-> pnu- 

tir,-. 't 1 ,r nrs! m-ara mri..U-.altrtnptw;isina.h- tn:mlv<-tl.r_pn.l. rtii. 

Wh.-ii Ill.- Hrrinaii AKi’inilf ural A-m.riatinii ralird Inr a ilintrd rllnll 
un tin- i.ari nf thr 1 '..-naan rxprrinimt .-.tatmii,, nllrriiig In pla.i- tlir 
i,.-r,.H .ars im-aii at tlirir <iii.n.al. thr I-Ap.-ritiirnt .NtalmiiHut Aitt'-p 
hurtt. hann .ta.it. .fraa. Hn.furk, lluna. ami (.dtttnKrn n-.pumh-.l. 

'I'lir qu.-'.tinii'In hr ainwrrrd vM-rr a.s fnlluw.H: . , 

1 Jlutvan- th.-L'rrat atln.^'ra llial fitki-phn-.- in tlm dr.-as 

uf .irp.nh- .iitulan.-.". fn hr rxiilaim-.h Huw a.urh nt tin- intrnt-m 
i, iihrrntr.i in tl.r ririm-ntary -.fair an.i iimy niiirh tis i.nummta 

n. What tiiriiim du ««■ pu.wt-.-.-i nf rla-rkiaK thr.r ln:..-.(-N ami Imw 
dm-H thr ,:,lif.,Htam-r thun rinplnutd art? 










I^l Mi Mi ir \ / /M\ 

Hir |nii>li hr«| rf|M.ri nt' flir ■ .friui. i.jnMH .!]•» 

«»fil\ f!ir iNiirra! rufH'lii i((ii f'f i»-Ilf i 1 * ..III IM 1 M‘i m 1 « 

\\ <*ri‘ a f( »lli »u : 

1 • I lii’ l<» nl a iHii ft ifii.i I r« (iH iii,i riiir«‘ r*’ * *5ii| MI j t' r! a .‘I s ?, 

hul iIh' I’f t ifiL*" I rt-r n| f‘iifi i f f I f .1 f; ijiiruiaii ttiiif-h i «{i|f i*, ina »t,. 

HI and linf <’hr|{|irai |f|f.;j|i Iiia^ i«|# I'.llilf 

d. W if ft a liuiilrd ni'air in iita inirr, i iti'|u Mi.itiniin.if''- 

nilmin'fi and nf nristfiir tiff fan .1 fr imi «■,frji i a'.'Mrr 

tlir arcr~ tt( air t!ir ni'rafrr tlfi^ i., »,!’ nifnirMi, in mih. ,,i 

fHa’ofiiiii'4 a . irri'al a |u 1 »r dii |»i*r rrin , 

• i. Ill Hi'dinain **nii ri”. afiMii tiiaffrird s^da'ii a|»|*|if't! in fla ii liai 
{jiianlHif , d<» iH‘l tup ntifirrl^’ fla |f* uf iin!'M/»‘in f»nf Inm t Inn*’ 
i . cfiiift’nHf«1 i\I-ifi dfiiifrilit ai’'’Mjjd f *'!’f fa and 

fn «* flirir lillrnafii hvi'-. |faa|j,= aiid fiM ««nn ifaift aial i 

lai'dnd. Ifi.tnil;. f lit * uif r»n,:rii uf *a fiiafi rf"|iiirr « un M'a?n.|i 

It i. nfjiafiiiir lofiiiij iha! fliu atidifimi uf' larn** ni 

nri^anir finitfii’ fn a tiii aan r a daffra a m » rM|i n Id din i 

nsjH’riai!^*^ frill* willi rarfard ti» iIp' aarhi»!i;uir,iI i and t? h\ «»!t«ii 
tfifrrprrind a fjidi«*afiiir" raflil flafiitriliraiifin, laji IlMld-r 
and laiiunmnafiii !ta\<‘ ffiaiilf'd mif fltaJ flu-ra ai'i’ af li a t llifuu 

farlnis wliirh nnit |»ia\ a par!, iiaiin-iv; | dirruf injiir^ tu f|i.^ 

plafit-H h\ iar^n c|iiafitifi»* uf Minninir iiiafiar, firafimi 

nf iiifrnr^t'fi In f!ia inrma ail aafivii v uf dild-rf ni uianttii 10 , 

n'd d«‘nifrifiralinfi pruiirr. 

If is prnliablf* lliaf fin* la | 1 , uf fhr fua 1 iin|iuriaii »n fur 

\ nurlinir. ait«l Lifniiaii aftnr tui \u4r ‘ iiiu* firntfiuu « am 

tiilli rs>f}lrullinl nufidif lull ruimliidf* " tliaf af -t wiihfum in iinir* , 
ii-4'd at fill* rain u| ixti'im tun fiar aiiiiniii fur a |»♦'r|tld ut h'li ’« ar , 
nu di**4riir|iiiii uf fiilruarfi laLi* pLnr, In ut tia'Ifara diii.if iun 

of till' f‘\|H*rjniniif and uf ijir »uj; Lnnn* aiiiuiifii *♦! 

rnaiain* tmi’d in iln* ruiir t* uf f!iu ii-ii ua t*ii , ifiii f a iiinr" that 

diiiifriliuaIimi iiuf a |4iriiuiiiiiiffii uf f'l'uiiuiitit' jfii|itfrt;ifji'r in 
Kiainra! fiirntinn^ Ufa! iiinlnr a^nniKi* liidd uuijiiitifiii.. Wi* Inmu* iju 
hnsitafinii in niiifibadziiiir aiiaiii fliu vimv i*ic|iruuu‘ii ahinr tbaf 
nndar Ihn uddu rniinn uf fii'iil ruiiditiuii'u lii'iiitrifiaMfinn 1 nut a 
plinnuinnnun uf ni.|rnifinaiif’f* fu tliu lliriiiurd* 

Murnuvnr, ai Huf!iaiii.:- 4 nii a jdul uf |.iruiiiffb riiTu in u\!fiif, 

bus hnnii kupl fVnu from vrna’tatinii tm buiiim fur tliirl ydinr 
l>urifi^ fills tiijiu it !ia~< iiu 4 uii«*-ilfiril uf it-*, urindital auuk *ti liitfuinni. 
hut all 1 III |Hiiiiid:H ftl ibis in aurfiijiiiuf| fur |i\- tbr niffafuv 

in I bcMlrainaga walnin hr fnan tlir fi?i!u» inrr ’ 
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Russell, commenting upon the results, states: ^^Tlie experiment 
is not fine enough to justify aii}^ discussion of the missing 110 pounds, 
but it shows that the loss of nitrogen is mainly due to leaching out 
of nitrates.” 

It is even doubtful if denitrification goes on to any appreciable 
extent in a well aerated soil even though it contains considerable 
nitrates. The nitrates, however, may disappear as seen from the 
following results in which the author mixed 2 grams of dried blood 
and 3724.8 parts per million of various nitrates with 100 grams of 
soil made the moisture up to 18 per cent, and after twenty-one 
days’ incubation at 30*^ C. recovered the various percentages of 
nitric nitrogen. The untreated soil was taken as 100 per cent. 


Per cent, of iiitrie uitro'^en found in Uie presence of 


NOs added 


(p. p.m.) 

NaNOs 

KNOa 

Ca(N03)2 

]Mg(N03)2 

Mn(N03)2 

None 

3724. S . . 

100 

-13.9 

100 

-41.2 1 

100 

-20.2 : 

100 

-354.7 

100 
-17.S 


Fe(N03)2 


100 

7.8 


This indicates a loss of nitrates where sodium, potassium, calcium, 
magnesium, and manganese nitrates had been applied to the soil. 

An analysis of the soil for total nitrogen showed a loss only where 
the potassium nitrate was applied to the soil, and in this case it 
was only 5.96 mgms. in place of 41.2 per cent., as was indicated by 
the first results. 

Gain (4-) or loss (—) in 
nitrogen over soil receiving 

Treatment. no nitrate. 


Dried blood 


no nitrate. 

. . 0.00 



84. 06 mg. N.N. as KNO3 

. -5.96 mgs 


-f- 

84.06 mg. N.N. as NaNOs 

. . 1.34 

a it 

+ 

84. 06 mg. N.N. as Mg (N03)2 

. . 25.14 

it tt 

4" 

84.06 mg. N.N. as Fe(N03)3 . 

. . 37.04 

iL CC 

4- 

84. 06 mg. N.N. as Ca(N03)2 

. . 42.54 

a CC 

4- 

84. 06 mg. N.N. as Mn(N03)2 

. . 48.54 


Function of Denitrifiers.—Huge quantities of organic and inorganic 
nitrogen find their way into the septic tanks of large cities, and 
much of this is returned to the atmosphere by these bacteria. More¬ 
over, that which reaches the lakes and oceans is also acted upon by 
denitrifying bacteria; hence, they play a part, although of minor 
importance in the nitrogen cycle. 
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CHAPTER XXIIL 




AZOFICATION. 

Tpie maintenance of the nitrogen supply of the soil is the phas 
of soil fertility which has received greatest consideration both froi 
the scientist and from the practical agriculturist. Nitrogen is or 
of the more expensive commercial fertilizers and is, in the majoril 
of soils, the limiting factor of crop production. The supply of con 
bined nitrogen on the earth is comparatively small and it is possib 
to calculate approximately the time necessary for its exhaustioi 
Basing his conclusion on such a calculation, at least one scienti; 
has predicted dire calamity to the human race were science not ab. 
soon to solve this problem. Science has measured up to its requir< 
ments in this regard, for the synthetic production of combi n.€ 
nitrogen has been accomplished, and this in a manner' so hi^bl 
satisfactory that it is able to compete successfully with the produ< 
of natural deposits. Advancements have also been made in oi 
knowledge of the underlying principles influencing the natural pro< 
esses which govern the fixation of nitrogen in the soil. Althoug 
there is much yet to be learned in this field it is upon the contr< 
of these natural processes that ultimate success will be based. 

Historical.—It hasbeen known for generations that uncropped soi 
increase in fertility. Less ancient, however, is the knowledge thi 
this increase may be due to a gain of nitrogen in the abandone 
soils. Even more recent than this is the knowledge that it may I 
due to bacteriological action. 

In the middle of the nineteenth century Boussingault wrot< 
^'Vegetable earth contains living organisms—germs—the vitalit 
of which is suspended by drying and reestablished under favorab 
conditions as to moisture and temperature.'' He also hinted at tl 
fact that these microorganisms take part in the process of nitroi^^e 
fixation. He spread out thinly 120 gm. of soil in a shallow glass dis 
and for three months’ moistened it daily with water free fro] 
nitrogen compounds. At the end of this time analysis showed thi 
it had lost carbon, but had gained nitrogen. It was not until thiri 
years later that Hellriegel and Wilfarth made their discovery < 
nitrogen-fixation by symbiotic organisms. At that time the labors 
tory technic of modern bacteriology was still undeveloped. Sin^ 
then, however, we have learned much concerning the relatioixshi 
of plants to free and combined nitrogen of the air and of the soi 
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We know that soil gains in nitrogen are often due to microorganism^, 
either living free in the soil or in company with the higher plants. 
The production of nitrogen compounds out of atmospheric nitrogen 
by bacteria independent of higher plants is designated non-symbiotic 
nitrogen-fixation, or azofication. When fixation is accomplished by 
bacteria living in connection with and receiving benefit from higher 
plants, it is called symbiotic nitrogen-fixation. 

As early as 1883 Berthelot undertook the study of soils as 
regards their relationship to free and combined nitrogen, and as a 
result of these studies he was the first definitely to recognize that 
gains which occur in bare unsterilized soils are due to microscopic 
organisms. He found that when 50 kgm. of arable soil were exposed 
to air and to rain in a vessel for seven months, after allowing for the 
small amount of combined nitrogen brought down by the rain, there 
was a gain in nitrogen of more than 25 per cent. In another experi¬ 
ment in which the soil was first washed free from nitrates, there was 
a gain of 46 per cent. Many other experiments showed gains from 
10 to 15 per cent. Berthelot was not content with the bare knowl¬ 
edge that nitrogen is fixed in the soil by living organisms, but con¬ 
tinued his work with the idea of isolating some of these organisms. 
With the aid of Guignard, he made soil inoculation into sterile 
bouillon and from this prepared gelatin plates. Cultures were taken 
from the colonies growing on the plates and bacteria were tested 
for their nitrogen-fixing power. His results were conclusive that 
there exist within the soil chlorophyll-free bacteria capable of fixing 
atmospheric nitrogen. His work had shown that these organisms 
act best at summer temperatures, between 50° and 104° F., in the 
presence of a good supply of oxygen, a proportion of water in the 
soil not exceeding 12 to 15 per cent, and not falling below 2 to 3 
per cent. 

They require carbon, hydrogen and enough combined nitrogen 
to promote initial growth. The nitrogen, gained by the soil was 
proteinaceous in nature, being insoluble in water. Although some 
of his soils had gained large quantities of nitrogen, he considered 
that the fixation of atmospheric nitrogen by microorganisms has 
its limits, since the organisms isolated drew from the atmosphere 
only so long as the amount fixed in the medium was not great. Heat¬ 
ing the soil to 230° P. immediately stopped the process. 

Prior to this a number of chemists, notably Konig and Kiesow, 
Armsby, Birner, Kellner, Deh6rain and Avery had found that when 
organic matter in one form or another undergoes fermentation there 
is frequently an increase of nitrogen in the fermenting substance. 
Armsby states it thus: We must conclude that decaying organic 
substances in the presence of caustic alkali are able to fix free 
nitrogen without the gain being manifest as nitric acid or ammonia, 
and probably without the foraiation of these bodies.'’ His explana- 
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tion of tlie procc^ss was tlial tla* na«irrnt li\ilnf»’«*n {luriii- 

Ili(‘ iVrnuaitation ]>ro(*oss n*aclc*<i with I la* fn*o of tla* ;iir- 

Others ('onsidia-cMl that tin* a(‘ti\r ai^ciifs wvn* <‘niiip{»uials of iroio 
inau^^anes(\ and linn* (‘xistin^x in fla* >nil and in sonu^ way ac-tiuL! 
as catalytic* agc‘nts. 

Bcrth(‘Iof\s discovery intcrc*st<*d Wino^^n’adsky who coininc‘ia*c«! 
work whi(*h (‘vcaitually fa'idged tla* rhasin. lie* (‘inployctl, as u 
incaliuin, a, nutritive* sedution fna* frean (‘ornhiiaal uitro^^c*rn hut coif- 
taining rnia(‘ral salts and dextrose*. Fift(H*n sc^parale* sp<*cics (»f soil 
})a(*t(*ria W(*r(‘ isolatcal, Init (ail\‘ one* a !on|^" s|Kirchcariiig liacillii 
which d(*V(‘lop(‘d nornudly in the ahseii«*eof eennhined nitro|;c*n iiini 
s(‘(*ni(*d to prodnc*(t butyric ferna‘ntation fixed iiitro|^c*n to any 
apprcaaahlc* <h‘^n*<‘c*. C^nantifati\a* te^^< .slamed that the* inaxinum^ 
fixation was attaineal whc‘n‘ no <*ombined nitn»|(c‘ii was purposed 
add(*d, and tliat on tin* addition e»f ^iich, fixation of nitrof^itn w:t 
diminished. Forc*xa!nple, s<‘vc*ral dettaanination^ l^nive the* followiii:/ 
rcxsults: 


N ftH Kifa in oihifioii IS I I If fi I H.Jj 21.2 

N fixc:d ..... 7 a r> II Ti .7 a r. 2 . 2 

dlie ]>res(‘nec‘ of eoinbined nitro|^eii tiiids to dtai’ease fixation. 
He* eonelnd<‘d that in onler for any gain fo he* niadtx flu* ratio of tii** 
c*omhincHl nitr(jg<*n to the sugar should not exeeed tcJCHM). IJeeaiiso 
of tin* eharaelcTLstic* foniuiliou of cdostridia in hi'> etdfnres» Wino¬ 
gradsky nann‘d the* organism ('limiriiHnm padrarinHHiH, lln* coii- 
(diLsion whieh tin* author rciiehed, Inmcniax was that the powc?r *4 
fixing nitrogc'ii is not gf*iieral among iiiierorirgani.'^iiiH, but eonfiiif**! 
to ii f(‘W spc*eiai lorm.s. 

Following WiiicfgradskyJ 'aroii made soiin* iiiten‘Hfing diHc*ovc*rif* 
II(f found that soils under Ieaf\' erops eontain gn*ater mimbers ftf 
haeteria than thosi* uiidc’r gniSM*s. lie also olenerved that tin* laic- 
t(*rial flora of soils in the spring are difl’ereni from those* in tin* full 
both cjtiimtifiitmdy and (|na!itativc*l\x He iiscal in vegetation 
expenmemts pure eiiltures of the laieteria most fn‘C|in*iit ly 
eneountcTcd in niitiiral noils, fsome soils were imn*ulafed \vit!i 
bouillon culture:, whereits ofln^rs reeeived only stc*ril(* houilhiti. 
Tin* (Top yields wcTCf iismdly in favor of the inoeulatecl plots, btit 
showed variatioiLH from Henson to seitsom Exceptionally good rc*siilf '•• 
were olitained with a Hpondn*aring haeilliis wliicdi he ternn*d BneilluM 
eMmlmchemk, 

Caron's work knl to the c*oimiierc*iid t*xploitatioii of his c’ultures, 
erne cjf w'hieli, was tin* siibjec*t of much study and camiro- 

versy. This c*ultiire was found tc# eontain, according to Severin, tw'i * 
elosc^Iy-relatec! bacilli w'hic*h lie cfio.Hi! to designate as /I. dlrnlmehnmi'^ 
A and IL Theses had tfic.* powder to fix nitrogen to some extent. TeHi 
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with ''aliiiit,” however, have not confirmed to any great extent the 
claims of its exploiters. 

In 1901 Beijerinck’s investigations led to an extremely important 
addition to the history of non-symbiotic nitrogen-fixation. He 
described a new group of large aerobic bacilli to w^hich he gave the 
generic name Azotobacter. 

In an early paper published by Beijerinck and van Delden, they 
maintain that Azotobader are incapable of fixing appreciable 
quantities of nitrogen in pure culture, but are dependent to a large 
extent on Granulobader, Radiobader, Aerobader. They considered 
that in mixed cultures the Granulobader, Radiobader, and Aerobader 
possess the power of fixing nitrogen in the presence of Azotobader, 
which grows at the expense of the combined nitrogen escaping from 
them into the solution. 

A little later Gerlach and \’'ogel succeeded in isolating from soil 
the Azotobader of Beijerinck and in showing that in pure cultures 
and in the presence of salts of organic acids, Azotobader are capable 
of active nitrogen-fixation. They obtained a fixation of 9 mgm. 
of nitrogen in a 1 per cent, solution of grape sugar. But Beijerinck 
challenged this assertion, claiming that their cultures were not pure 
but were mixed with other forms difficult to separate. The claims 
of Gerlach and Vogel were substantiated by the work of Freuden- 
reich, Koch and Lipman. The latter not only showed that the 
Azotobader possess the power of fixing nitrogen in pure cultures, 
but he explained the failures recorded by others. 

Although not necessary, the presence of other organisms often 
proves advantageous. Lipman found that in the presence of such 
forms as B. radiobader and B. levaniformm the nitrogen-fixation is 
faster and goes on at a more regular rate. 

To the two species of Azotobacter—A. chrcdcoccwn and A. agilw— 
described by Beijerinck and van Delden, Lipman, added A. vine- 
landii, A, beijerincJdi, and A. woodstownii. Later Lohnis and 
Westermann described A. vitreum, and after a study of 21 cultures 
of various Azotobader concluded that they represented only four 
types. A. ehroococcum is most widely distributed in the soils so far 
studied. 

The discussion of the subject thus far has been more or less con¬ 
fined to the Azotobader, but investigations of Beijerinck and van 
Delden, Lohnis, Moore, Chester, Bredemann and others have 
brought to light other microorganisms having the power to fix 
nitrogen.' Among these are B. mesentericus (which fixes appreciable 
quantities of nitrogen), B. 'pneumonice, B. ladis viscosus, B. radio- 
hader, B. prodigiosm, B. asterosporus and B, amylobader. 

Bredemann, after a careful study of the morphological and physio¬ 
logical characteristics of eleven “original species” of other investi¬ 
gators and of sixteen cultures prepared by himself from various soils, 
concluded that all belong to the single species B, amylobader of 
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Aerobic Azotobacter are present in nearly all Utah soils. Hutchinson 
found the Azotobacter in all the Indian soils examined. They occur 
in cultivated more frequently and in greater numbers than in virgin 
soils. This probably accounts for the much higher nitrogen-fixing 
power of cultivated soils. 

Azotobacter were found in only two out of 64 localities in the soils 
of Danish forests. Both of the soils which gave positive tests were 
from beechwood forests and contained calcium carbonate. Although 
the soils of these forests rarely contain enough carbonate to.effervesce 
they are usually neutral or slightly alkaline. They contain calcium, 
but in forms other than the carbonate. It is generally understood 
that Azotobacter occur commonly in soils which contain sufficient 
calcium carbonate to effervesce when acid is added and that they 
scarcely ever occur in acid soils. Their disappearance from soil is 
usually due to the absence of basic substances, especially of calcium 
and magnesium carbonate, and not to the presence of toxic sub- 
kances. However, they are frequently not present in peaty soils, 
where their absence cannot be attributed to a lack of lime. 

The aerobic nitrogen-fixers are probably more widely distributed 
in soils than are the anaerobic, for, although both groups are gener¬ 
ally found in the Russian soils, the aerobic are found in the sands 
of Kirghese steppes and in the peat soils of the Province of Arch¬ 
angel in which the anaerobic forms are absent. Anaerobic nitrogen- 
fixers are, however, quite widely distributed in soils and are at times 
found on the leaves of forests trees. 

The nitrogen-fixing organisms are confined almost entirely to the 
first three feet of soil, although they have been found in soil at all 
depths down to the tenth foot in the very favorably constituted 
loose soils of Nebraska. 

They are most active in the upper few inches of soil, as is indicated 
by results obtained by Ashby. 


Average 

Depth nitrogen fixed. 

Soil. inches. mgm. 

Little Hoos. 10 9.23 

Little Hoos. 20 7.29 

Little Hoos. 30 4.00 


Reports on some Hawaiian soils show them to be equally active 
at all depths to 4 feet, but this must be considered an exception, 
for the examination of numerous soils in Utah has shown a gradual 
decrease in nitrogen-fixing powers with depth. The average of 
several hundred determinations, in both solution and soil media, 
are given below: 

Nitrogen fixed in 
Nitrogen fixed in 100 cc. of Ashby’s 

100 gm. of soil + solution with 1.5 

1.6 gm. of mannite. gm. of mannite. 


Depth of sample. mgm. mgm. 

Firstfoot. 5.28 2.11 

Second foot. 2.42 0.77 

Third foot. 1.55 0.58 
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These samples were collected with such great care that there was 
no possibility of the mixing of one foot section with another. It is 
interesting to note that while the actual gain in nitrogen per gram 
of mannite is over twice as great in the soil as in the solution, yet 
the relative gain per foot section is the safne in both. There is 
about 'one-half as much nitrogen fixed in the second as in the first 
foot, and one-fourth as much in the third as in the first. 

The nitrogen-fixing organisms are not confined to the soil alone, 
for Beijerinck and van Delden first isolated Azotobacter agilis from 
canal water in Holland. Azotobacter cJiroococcum and B, Clostridium 
'pasteurianum are both found in many fresh and salt waters, living 
on algae and plankton organism. 

Reaction of the Media.—The distribution and the physiological 
efficiency of the nitrogen-fixing organisms, especially of the Azoto¬ 
bacter species, are governed by the physical and chemical properties 
of the soil, foremost among which is the basicity of the soil, namely, 
its calcium or magnesium carbonate content. Ashby bases his 
method for obtaining pure cultures of Azotobacter upon this property, 
for he finds that by picking out the crystals of the carbonate from 
the soil and seeding them into nitrogen-free media the likelihood of 
obtaining the organism is greatly increased. The addition of calcium 
carbonate to a soil often increases its azofying power, the extent of 
which increase depends on the lime requirements of the soil and on 
the fineness of the added limestone. 

Christensen has suggested that the Azotobacter be used as an index 
to the lime requirements of a soil. The test should include both a 
search for the organism in the soil and a test of their ability to grow 
when inoculated into the soil. He and Larson examined more than 
one hundred soils of known lime requirement. They determined 
the carbon dioxid set free by acids, the amount of calcium dissolved 
by an ammonium chlorid solution, the behavior of the soil toward 
litmus, and the biological test. The result of this test was that the 
biological test agreed with the known condition in 90 per cent, of the 
cases, the ammonium chlorid in 50 per cent., the litmus in 40 per 
cent., and the carbon dioxid failed more often than not to indicate 
the correct condition of the soil. 

Fischer failed to find Azotobacter in a heavy loam soil containing 
only 0.145 per cent, of lime, while adjoining limed plots had an 
Azotobacter flora. The quantity of calcium carbonate which must 
be added to obtain maximum fixation varies with the soil. 

A West Virginia Dekalb silt loam, which required 0.175 per cent, 
of calcium carbonate to render it neutral by the Veitch method, 
gave greatest nitrogen fixation when 0.375 per cent, of calcium 
carbonate was added. Above this concentration azofication 
decreased, but when phosphorus was applied with the lime it was not 
toxic even when pr?§ept in quantities as great as 0,5 per cent. It is 
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certain that large quantities of calcium carbonate may be present 
in soil without injury to the azofiers. 

The author found numerous Azotobacter and a very active nitro¬ 
gen-fixation in a soil 43 per cent, of which was calcium and mag¬ 
nesium carbonate. 

The organisms develop normally in the presence of either calcium 
or magnesium carbonate, but in liquid cultures the film develops 
earlier and it contains less foreign organism in the presence of mag¬ 
nesium carbonate than in the presence of calcium carbonate. The 
actual nitrogen fixed, as reported by Ashby, is also greater where . 
the magnesium carbonate is used. This he attributes to the sup¬ 
pression by the magnesium of foreign organisms, especially of the 
butyric acid ferments. 

There is, however, a marked difference in the action of calcium 
carbonate and magnesium carbonate when they are applied in large 
quantities. Lipman and Burgess found the calcium carbonate stimu¬ 
lating and never toxic to Azotobacter chrodcoccum in concentrations 
up to 2 per cent, in mannite solution. The magnesium carbonate 
was sharply toxic in higher concentrations up to 2 per cent, in 
mannite solution. The magnesium carbonate was sharply toxic 
in higher concentrations above 0.1 to 0.2 per cent, in such cultures. 
The calcium salt is without effect when added to most soils up to 
1.4 per cent., but the magnesium carbonate is even more toxic in 
soils than in solutions. Moreover, their work indicates that calcium 
exerts a protective influence, in both soils and solutions, against 
the toxic influence of magnesium. The best ratio of calcium to 
magnesium varies with solution and soil. 

In many soils lime increases the nitrogen fixed, for Krzemieniewski 
found limed soil to fix in ten days 17.52 mgm. of nitrogen, whereas 
adjoining unlimed soil fixed only 7.15 mgm. There is, however, the 
possibility of applying too large a quantity of the caustic lime and 
thereby decreasing nitrogen-fixation, a condition which has never 
been experienced in the use of the carbonate. 

Von Feilitzen, however, found neither a direct relationship be¬ 
tween lime content of moor soil and the development of Azotobacter, 
nor relationship between their development and the reaction of the 
soil. But this only serves to illustrate the fact that although lime 
and neutral or slightly alkaline media are essential, they will not 
ensure a rich Azotobacter flora in a soil unless all other conditions 
are optimum. Remy found sodium and potassium carbonate less 
favorable for nitrogen-fixation than was calcium or magnesium. 

So far as the writer is aware, Krainsky is the only worker who has 
found sodium carbonate more favorable than calcium carbonate. 
This may have been due to the sodium carbonate’s liberating plant- 
food which was in the soil in an insoluble form but which was essen¬ 
tial to the deyelopm^nt of Azotobacter, Mockeridge has found that 
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the presence of sodium salts is unnecessary and depressing at least 
to the growth of Azotohacter, The beneficial effect ascribed to sodium 
chlorid solution in inoculating agar plates is due to the fact that 
this liquid is isotonic with the cell content solution, but the sodium 
hydroxid is a far less advantageous neutralizing agent than is cal- 
cium or magnesium carbonate. Furthermore, Lipman failed to 
stimulate the azofiers with any of the sodium salts. 

Food Requirements of the Azofiers.— These organisms probably 
require for their nutrition the same elements as do the higher plants, 
namely carbon, hydrogen, oxygen, nitrogen, potassium, phosphorus, 
sulphur, calcium, magnesium, and iron, and possibly aluminum and 
manganese. 

They obtain their carbon and hydrogen from organic compounds, 
preferably from carbohydrates, which are considered in detail under 
sources of energy. Oxygen is obtained either from the atmosphere 
or from combined sources depending on the species and the condi¬ 
tions under which they are grown. 

A marked difference between these and the higher plants is that 
they possess the power of obtaining their nitrogen from the air, but 
in the presence of combined nitrogen they obtain but little from the 
air. Lipman, Stranak, Heinze, and Stoklasa found that small 
quantities of nitrates stimulated Azotohacter, whereas large quanti¬ 
ties discouraged nitrogen-fixation since the organisms live on the 
nitrates. This is the case whether the nitrates are added to the soil 
or to the solution in which nitrogen-fixation is taking place. Cole¬ 
man considers this action as due to several different factors: namely, 
(a) a direct toxic action of the salt, (&) antagonism of other organ¬ 
isms which it favors, (c) the using up of the energy supply^by 
these organisms, and {d) the discouragement of fixation by the use 
of sodium nitrate. The last would seem to be the most iniportant 
factor when viewed in connection with the following results reported 
by Hills: 






Relative per cent, of nitrogen fixed. 

Treatment 

nitrate. 


Sterilized soil. | 

Unaterilizecl soil. 


NaNOa 






Mgm. 

KNOs 

Ca(NO»)j 

NaNOa 

Ca(N03)2 

NaNOa 

Ca(N03)2 

“0 

100 

100 

100 

100 

100 

100 

100 

10 

348 

191 

362 

100 

105 

240 

219 

50 

150 

8210 

12 

3150 

117 

4528 

763 

342 

371 

500 

444 

200 

0 

0 

0 

352 

467 

879 

557 
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niic iiiirniH‘r of organisms c!(‘V(‘l(»ping ajid tin* nitrog(‘n fixo<l in 
tin* orn* n‘ 0 (*i\‘ing no nitratt* is taken as 100 |H‘r (‘(mt. 

Itiscjuitc* cn'ident fnan tln^sf* r(\snlts that although nitrat(‘S rause 
more aetivc* nmltiplic^ation of AztitulHictrr, it gr<‘aily naluees their 
physiolc^gieal effieieney. din* organisms usc*d by I fills had probably 
grown for a long linn* on mc*dia poor in nitrog<*m and their ability 
to fix niln^gen was, tlnaxdore, high. But would tlH*y continue 
exert this pow(*r if grown on media ri<‘li in nitrogc*n? lln* evi<!enee 
plants strongly to tin* eomlusion that they would not. 11 is certain, 
howevmx tliaf the nitrat(*s an» toxii* in cornparativdy low conei-ntra- 
firms. Xitratesand aininonium sulphate* are ratln*r<‘fler*tive in stirnu- 
lafing nit roge^n-fixation wln*n tin* A zt doha rtrrurv gr awn in cminecfioii 
with tin* cellulose* fi*rm(*nts. FAa*n hen*, !iow(*V(‘r, large* c|nantitt«*s 
rieerease* this prnvc‘r. In pun* eultun*s amnn>nium .sul])hat(‘ serimisly 
n*tards nitrogen-fixatiorn wIn*n*aH the uitrog(*n of humus, even in 
large r|mintiti<*H, appears to have* no He‘riouH re*tarding inllueana*. 
Xf*ve*rlln*l«*Hs, a liigh nitroge*n eontent of sods H(*e‘iiis te^ be* nnfavea*- 
able* to vigorous nitrogen-fixation. 

Wln‘flte*r this wemlel be* the* C’ase wln*re‘ tin* nitrate* eemte*nt etf tin* 
soils is ke*pf lenv but witli the* reanlily eFeeanposable* preete*in nitrogen 
high, is yet te> be*anHwere*(h HiltneT aiui »StbrnH‘r e*onsid<*r tliat wln*n 
tin* nitrc^g4*n eonte*nt eef the* ne/d passers be*y(Hid a, (*c*rtain limit, the* 
dia'ay bite*fena ineu'eiiHe rapidly, anel in the* struggle* for e*xiHte»ne*e* 
they are able*, wifli the aelvantage* at thear disposal, to .suppre*sH tin* 
more slowly greming Azufddmeter. 

Fotassiuin is eHseaitial to tin* liigln*r plants and eaimot be re*pliu‘<al 
e*iitire!y by relatee! elianeatfH, yet (iiTliieh and \'og<‘l e»arl>‘ rean’lna! 
the camelusieni that pofaHsiiim and magne*siiim are* in»f <*ssential fee 
tin* Jsolo//r/r#r. dinar r<*HnItH we*re*, lniwe*ver, ge‘ne*rally e*emsi<lc*red 
laToneamH, for while iih inueh nitrogeai was fixe*d in twe*iity diiys 
willioiit iiH with pediisHtiini, after femty dayn t!n*re* was in* further 
fixation in tin* sediitiori without potaHsiuni, but in its pre*sein*e tin* 
nitre^geai gfdn ii<*iirly doiiblenl. It was, there»fea*e, argued that the* 
tnie*e*H of potitHHium left in tin* e‘he*tnn*alH anel diHHoIve*el from the 
glasH during ste^rilization hael Ihhhi <*nough to iM‘rniit ele*ve‘!opnieiil 
for a tinn*. If these* elemnmts are* esnential, it must In* in e*xtr<‘m<*Iy 
minute e|uiiiitifif% feer \ ogel, usiiig the pure\Ht e‘In*mie*alH obfiunable. 
was able to prc»piire peetassiuiii-fref^ imnlia in whieh tin* Azufnhddrr 
e!eve‘Iee|M‘eh He* elid finel, howe*ve*r, that potansitint faveers tiit*ir 
eIeve*Iopiiii*nt. 

Iln^splieeruH is rinfuired by the^le^ cmganiHins, large* e|uanfities Indng 
liHinl for the hihldiiig of tin* niielesHpredeins anel pltospliiHprote^ins in 
whiedi their bodie*s are e*xtremeJy riedi. Moremver, it greitlly aef*eder- 
ntes the re*iie*tion ami ee*oitomi74iS the* e*arbohydra.te*H; !n*fn*e it is 
ntflier enideiit that phosphorus plays a ve»ry eHsi,mtiiil part in A'/eito- 
biicder iiieial>oliHiin Ilmsibly in the <*iirly Htage*s e)f the pren'ess a 
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definite chemical reaction occurs between the phosphate and the* 
carbohydrate similar to that occurring in alcoholic fermentation. 

I. 2 C 6 H 12 O 6 + 2 R 2 HPO 4 2 CO 2 + 2 H 2 O + C6Hlo04(P04ll2)2 +- 

2C2HeO 

II. C6Hio04(P04P2)2 + 2 H 2 O CeHioOe + 2 R 2 HPO 4 

The Azotolader are able to utilize the phosphorus of di- ami 
tri-basic sodium and potassium phosphate and of dibasic calcium 
phosphate. 

Mockeridge obtained an increase of 23 per cent, in nitrogen fixa¬ 
tion with basic slag. There were two maxima, one with 0.4 per cent, 
the other with 1.0 per cent. slag. This is attributed to the stimulat¬ 
ing effect of the iron and manganese in the slag, the maximum effect 
of one being produced at 0.4 per cent., the other at 1.0 per cent. 
The tribasic calcium phosphate—bone ash, iron, and aluminum 
phosphate—all serve only as difficultly available sources of phos¬ 
phorus. Raw rock phosphate and bone meal fail entirely to furnish 
enough available phosphorus for the development of Azotohacter. 

The addition of phosphorus to a soil often greatly increases azofi- 
cation. 

Without With, 

phosphorus. phosphorus. 


Treatment. mgm. mgm. 

No lime.0.6 0.9 

Lime.1.5 4.6 


Moreover, Christensen has found soils in which phosphorus is th(‘ 
limiting element in Azotohacter growth. He entertains the hope that, 
in view of the relationship between Azotohacter growth and lime ami 
phosphorus, it will become eventually possible by the determin¬ 
ation of bacterial food requirements to secure a general expression 
for the soil content of plant-food available to crops. He further 
suggests that where a mannitol solution free from phosphorus 
produces a vigorous growth of Azotohacter after inoculation with a 
soil, it may be assumed that the soil is not deficient in availabh* 
phosphorus. Dzierzbicki notes that if soils are deficient in availabhi 
lime, phosphoric acid, or potash, nitrogen-fixing bacteria, such as 
Azotohacter, are’ either entirely absent or present only in small 
numbers. 

There is a definite relationship between the carbon and phos¬ 
phorus content of a soil and the nitrogen assimilated. According 
to Stoklasa, Azotohacter assimilates from 5.0 to 5.7 grams of frecj 
nitrogen for every gram of phosphorus used. Although these*, 
organisms are directly dependent upon a readily available supply 
of phosphorus to promote growth, they do not change it into the 
organic form as rapidly as do the ammonifying bacteria. 

Sulphur is required by the azofiers possibly for the formation of the 
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proteiiiac^Hius iuat(*rial i»f flair hodic^s. it is (‘arfain fhaf fla* haiaiit 
<i(Tivc‘d hy \ Ir;^/ ihatfrr from tla* sulpliaf<‘s of iron aial oaliiuni is diu* 
ill a largo iiioasurc* to fla* sulplnir w hi(‘h tla*s<‘c*oin|Mainds supply. No 
ovidouoo lias as u*f lan'ii produocsl w!ii(‘li would l<*ad us fo lH‘lio\a‘ 
fhaf tlio orgauisrus ran use* siilpliur as a source* e>f <*u(‘rgy. 

C ahiuni c‘arhonafo and oakiuui o\i<h in aeldifioii fo furnishing a 
ha>o whieii noufraliz(*s the* a<’id forinod in fla* na*faholio proo(‘ssos 
of the . also furnislioalciuni to the* eirganisui. i 1irisf(*ns(*n 

hnuighf (»uf tia* fact tliai Azidahadvr (‘an derive* their ealciuiu from 
diliasie (‘aleium phosphate* and some* eahiuru salts of organie* acids. 

could ne?t. henveve*!', utilize* the* calcium of trihasic f)hos])hat(*, 
of calcium chlorid or sulphate*. 

i roll is e*sse*nt ial and eit lieu* t he* ferric or ferrous sulpliatc is es]>(‘cially 
heiieficiah Rosing found tlie* aineamt of nitroge*!! fixe*d in(Ti*as(‘el 
from mgnis. to HKd nigms. per gram of mannite* whe‘n iron 
sulphate* was added to the* cultural me*dia. d1iis is due*, in a gre‘at. 
de‘gre*e% lee tin* irem wliich se‘rve‘s as fenal for the* organisms, ye*t its 
(‘eiloidal nature* may play a part, for hotli organic anel iimrganic* 
ceiloidal sulistauee*H fuive* an <*spe*eiaily faA’eirahle* aeiion em Azota-^ 
inidrr, altheuigh tfie* a(‘tioii of the* ineirganie* eeiloids is fidly manitVst 
emly in the* pre*,sen('e of organic* colloids. If useal alone*, large* ejuan- 
titif‘’s of the* ferrie* huiroxid are* e^sseaitial for tin* maxiimmi (‘HVc*t, 
hut ill the* pn*se*nee* of eergauic colloids wry small e|uantitie‘S of iron 
are* e*flVcfi\7*. dliis ha^ !ie‘e*n attrilmtesl to the* action of the* colloidal 
iron whi<*ii adsorhs the* nitrogen and oxyge*n of the* air and brings 
fli<*ni into more intimateM*ontact witli the^ Azolahurlvr, dliis would 
not cmly accelerate* tite niaaiial pro(*(»sse*s of flie* acTohic AzoUilmder 
hy fiirnihliing them with nitroge*!! and oxyge*!!, hut it would temd to 
suppress the* iinaih*ohi(* procesM*H whi(*h are* es\ire‘me‘ly waste‘ful of 
the* FooeL Aci*<ire!ing fo KasercT. tlicse* organisms also r<*(fnire‘ 
alumimiiii. Although thin may a(‘e'(*lf‘rate*, it has n<»t lie*eu proved 
tej he* f*Hs<*ntiid fo their growlln 

While iiof e*.sNcntial to the organisms, manganc*sc‘ is an extre‘mcly 
active catalyzed’ in incre*ahing firoportions ufi to h mgm. pe*r KK) e*.e. 
of Above* this (aaiccnfriition tin* reae’tion falls off rapidly, 

and at 2h mgiii. it is less than in the ah.se*nce* e»f mangam‘se. If i.s 
eexidized liv Azdnhader, and in the* propealion of 1 part to 2fHM)h{) 
fiarts of soil it is iin active* Htimulant. Oiarn comsieh’rs it likely that 
the ine*r<‘aHi‘d yield ohtaine'd afteT I lie apfilieiitiem of manganese 
ceuitpomiclH to a soil is dm* to its a(‘ce*!e*rating tlie action ejf flie* 
nitrogen-fixing organisms of the soil. 

Orfanic Soil Coastitueiits. He‘e*d feuine! ure*a, glye'octel, lormainid, 
and allanfoin active in de*pre*ssifig nilre»ge*n-fixiition. d'liis he* 
aftrihiiless tf» the* compounds fnrni.sliing the. Aznfnlmdrr an availaide* 
source* of comhiiicd iiitrogeai anel not to a elin*ct lecvicity. Rut 
Waitmi feujiid that the* adelition eef ure*a, pe*pte»fH‘, a(‘e‘tamid, aspar- 
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agin, and casein to culture media had only a slight influence on the 
fixation of nitrogen by Azotobader. 

Caffeine, alloxan, betain, trimethylamin, legumin, cinnamic acid, 
aspartic acid, asparagin, hippuric acid, creatin, creatinin, xanthin, 
and hypoxanthin, are all toxic to Azotobader even in small quantities. 
Only the first two have been tested in concentrations dilute enough 
to stimulate, which is remarkable, as many of these compounds 
stimulate the higher plants and some can be utilized directly by 
the plant. 

Esculin, vanillin, daphnetin, cumarin, pyrocatechin, heliotropin, 
arbutin, resorcin, pyrogallol, phloroglucin, hydroquinon, salicylic 
aldehyd, oxalic acid, quinic acid, dihydrostearic acid, rhamnose 
and borneol, on the other hand, do not stimulate in any concentra¬ 
tion. Nor are they toxic until fairly large quantities have been 
added. In this regard the nitrogen-fixing organisms, appear to differ 
widely from the nitrifying bacteria and higher plants. The resist¬ 
ance of the nitrogen-fixers to various chemicals has likewise been 
called to our attention by Lipman in his study of the influence of 
alkalies on nitrogen-fixation. 

Influence of Colloids.—It was recognized early in the study of 
nitrogen-fixation that when sterilized soil is added to a nutritive 
medium it greatly increased the quantity of nitrogen fixed. This 
condition is due to several factors and is partly explained by 
Ivrzemieniewski’s results wherein he found that nitrogen-fixation is 
decidedly increased by the addition of soil humus, either as free 
humic acid or as salts of potassium, sodium or calcium. Ivaserer 
maintains that this is. due to the inorganic nutrients, especially to 
aluminum and silicic acid supplied to the microorganisms through 
the humus. This is probably true in part, for the fixation varies with 
the humus derived from different sources. Moreover, artificial 
humus, prepared by boiling sugar with acids, fails to stimulate. 

That much of the beneficial effect is due to the constituents in the 
humus appears likely from the results obtained by Sohngen who 
found that colloidal iron oxicl, aluminum oxid, and silicon oxid all 
greatly stimulated the nitrogen-fixing powers of Azotobader chrod- 
coccum. This he attributed to the absorption of oxygen and nitrogen 
by the colloid, which he maintains would make them more readily 
available to the organisms. The boiling of natural humus with 
hydrochloric acid would either remove the foreign material or change 
it from the colloidal form, and thus, as has been found to be the 
case, render it inert. Lohnis and Green take exception to this 
explanation, for they found no adsorptive action exerted by humus 
on either the nitrogen or the oxygen. Furthermore, Rosing found 
that he could stimulate just as effectively with iron as with humic 
acids. But much larger quantities of colloidal iron are required 
when it is used singly than when used in conjunction with an organic 
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colloid, "rhccxff‘iit of tlH‘stiimihdioii rcsul(iii|^^ \'«‘irics wit!i tin* form 
i!i which tlic inui is ap{^lic<l and is most (‘Hccti\*c in th<‘ fonn of tlic 
h\dro\id and in the |>r«‘S(‘n(*c of caiH‘ su^ar. In this cast^ it is 
prohahI<‘ that the saccliaratc is tlH‘ acfi\(‘ snhsta,n(*c. IIcnc<\ tin* 
contradictory results rc{>ortc<l may lx* <1 ih‘ f(^ th(‘ dillVrcnt m!n« 
cral constituemts of the Inunus. 

dlicsc tacts make* it c(‘rtain that ccdloids of th(‘ medals aed as 
stimulants to nitro^em-fixing haedeaaa, as do(‘s also eamde^ linnins, 
C andully purilicel liuniat(*s do not possexss tins propcadx’, but it is 
poss<‘SHcd f>y the* aepnaaiH cxtracd» the* alcediolic <‘xtra(d, «and the* 
phosplmtimgstic fraediem ed’ the aepu'ous extraed from “ !and(‘riz<*<r’ 
peat. \\ hfdlier this inflmau’c* is <luc to a c*atalytic cdlcct, a.s siiggexsteal 
In' Srdnjgen, m* whetheu’ the* suhstama* furnislaal a elirced source* e»f 
niitrifive mate*rial is not e‘h‘ar at the* pre*s<*nt time*. 

Morean’e»r, flic collead ma\' act as a prote*ediem to tin* emgainsm 
against poisem; for, when 10 parts |H*r milliem of soluble* ar.sc*nie* is 
maintained in a soik it aeds as a stimulant ia AzfdohaHrr, If, Inow- 
e‘V(*r,^this pre»portiem is adde'd ia the* Ashby nutritive* sedutiem it stops 
all iiitre^geai-fixatimi. ''Hiis is dm* in part to tlie* adsejrptiou cd* the* 
arHi’iiic h\‘ the* muL dlii.s aeKorption weudd ha\‘e‘ to l)e* attrihufe*d 
large*ly te^ the* sili(*a eompoumls, feu* the* iiifre)g(*n-fixing organisms are* 
stimulafesi by arsc»nic’ in epiartz free* fnun eu'gaiiie eedhdds. This 
esudel nitdily be* elm* fe^ the* arse*nie* beu’oming e’one*e*ntrateel at the* 
Hiirfaei* layers of the* siliea, leaving the* inne*r part ed’ the* wale»r film 
eeunparatively fre‘e* from arse-nie*, in whie'te part ed* the* water film the* 
miereMlrpiiiHiiis iimltifdy ami earry on the‘ir medabedie* proeexsses. 
TIusJiiditg the* (’iiHe, euie* slteuild aiid preduddy eonlel fiml a, wate*r 
sedufioii weak emcuigh to stimulate* baedmaa/ A gread eiiflVreiiees 
however, bedw<*en file* Hcdiitiou auel the* saiid-euiture* medhenl is the 
gr<mte*r iiedrafion iii tin* simeL ’'riiat the aeiratiem af a e'ulture* m<*elium 
does piny an importimt part in eletermiiiiiig the* aedivity (d‘ the 
nitrogf‘ii4ixiug powers cd a soil is strikingly breuight euit iu* Fig. IK, 
page ]2d. 

Souths of Itoergy for the Azotobacter. Tin* nitrogen-fixing organ¬ 
isms dilfVr wieiely from otla-r plants in their e*m‘rgy ns|nire»me*nkH. 
This is fine teif the faet that tlie*y are! earrying em emlofhermie reue*- 
tiems in wliicdi nitreegen is efui(*enieei. I’hi.s masxssitatexH a greattm* 
supply of em*rgy than is reepfiresl by otlie*r baefenia. They are 
Himilar to ni<«t oflmr baederia in ileat this e*m*rgy miiHt be* snpplivel 
l>y an organic eeunpcuiml, predVrably one* of the* e*arlu)hydrafeH. 

Be*rUiide»t in his e*arly weak maintaineel that the* gains in m'treigen 
noted in some* soils were elm* te> the* aedion of biedogi<*al ageuits on 
the humus of the sedL This was fedlowed by the observadieui of 
others jimt wfie‘fi forest h*iivexH ant allowesi to deteompi»si* in soil thc*re 
is an biemme in its iiitreigen eontetnt. Koeii in lfl 07 imreaHeel 
nitrogen-fixation by the aeldition to soil of dextrem!, emiie sugar or 
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.slarrlj, lull tliii'r wa > pnirfir;tl|\ mi iuiTi'a «• wUvn fr.m, fillrr 
|>a|>f*r or hijrkwliral wa * ^ rf Sfi»kia,-;a ijmt f||, 

(locoiiiposiliuii proiiiirt. of tiff i‘ iih.fafii'io arit'il a a \aJiiai»Ii' 

soun*(* Iff fill* ;ifii! Sinuiak run iih^rrd liiaf tiff 

porifosaiiH of tho .Hoil aro of flu* i^naifo.f iiiiporfaip’t' in fin' a oiiiiia- 

lion (ff nifrogiai h>‘ aoil h.tofiTia. 

A Fair idrji of till* varirl\’ aial mlali\nry of >ai!):4itiii‘f.. 
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niifi'il hy I,()liiii« juid I’illai. Itiil linn « jui rr.nlih in* Im tfn- 

tiiiic (if iiii'itliatiiiii ill ihi« li'ij ii(i\ h Jiriuj' far li«( }(#r ijn- 
('(iiiijilcfI* utilizutidii (4 tin* I'ariiiiiiiicciiiii ^ijiiH?aiic<* ji|i|iiif‘ii. lln* 
siM-cicH (jf iiilroKcii-iisiTH ttiiicli iin* f(ritji»i}iy' Hi((,!!i fhe ciiiUKiin »iji| 
wlicdicr jmre nr mi v-i cult lire> arc 'I'jn- nriier of ciu- . 4 

liofcrl iiIhivc, innvincr, i'. tlial rccoKiiizifJ in iimol vinrker,. Ifrnttii 
and Aliismi, liuttcvcr. do rijHur in wiii«|i greafer 

was (ilifaiiK'd y?!i dc\fr(w ffian uiih muni,if,., Ji„f j,, f|,i, 

(■idciuiH or HodiuMi curiMtimfc ..iciiih ti, !„• ,n m more licc '. ,i,r\ (lnui 
it is with iIk; imumili'. Morerner, M,nic sjatcicH niilii'i' on,* 
liydrate most i*f!cfti\'c{y ami niiotiier Hiiecjcs a (iiiferciil oii,.. To 
this list may !«* added malatc, Kum traKimarifIs, efliyjii,,* jiiy,,,!. 
methyl, ethyl, and j*roj>yl ah'olioi.H, limtic, fmdi*’, suiciitic and fjh* 
collie acids. Fatty acids arc readily iitilimi, the amount of nilroKeii 
fixed lieiiig (greater witli tin; iiien*a.*>ed molceular weight, from i,}7 
mgm. witli formic imid, to ti.OX mgm, with butyric acid. Most of the 
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naturally occurring glucosides and many benzin derivatives are 
unsuitable as sources of energy for Azotohacter. Molasses, which 
should serve as a useful source of energy, often results in a loss of 
nitrogen when applied to the soil. This may be due to the time of 
applying, for Peck maintains that molasses applied to a land lying 
fallow at an interval of several weeks before planting of the crop 
may produce beneficial results by increasing nitrogen-fixation. 

Beijerinck early recognized that certain decomposition products 
of cellulose can also serve as sources of energy for Azotohacter, and 
Pringsheim found that Clostridium americanum does not fix atmos¬ 
pheric nitrogen on sterilized cellulose unless other carbohydrates 
like dextrose, lactose, mannitol, or sucrose are present. Plowever, 
in the presence of cellulose, Clostridium will fix nitrogen and this 
more efficiently than it will in the regular carbohydrate medium. 
The same holds for agar. Just how completely cellulose must be 
broken down before it can be utilized by Azotohacter is not definitely 
known, but it is known that Azotohacter cannot utilize cellobiose 
except when grown in conjunction with Aspergillus niger or other 
organisms. It is, therefore, certain that the products which are 
utilized by the Azotohacter are comparatively simple. 

Cellulose when applied to the soil may serve as a valuable source 
of energy, provided sufficient time is allowed for its decomposition. 
The cellulose ferment is probably the most efficient organism in the 
soil in bringing about this decomposition. But the number of soil 
fungi which possess this power is large. 

Hoppe Seyler thinks that cellulose is decomposed according to the 
following formula: (a) the hydration of the cellulose with the 
formation of hexose, 

(C6Hio05-{-H20 =C6Hi206. 

the destruction of the carbohydrate with the formation of equal 
quantities of carbon dioxid'and methane. 

C6Hi206->SC02+3CH4 

None of the cellulose ferments studied by McBeth, however, yielded 
gaseous products when acting on cellulose or sugar; hence the 
Azotohacter probably gets from the cellulose ferments, pentoses 
and hexoses, and similar products upon which they can readily fix 
nitrogen. 

At times in fermenting straw and manure, the thermophilic 
anaerobic bacteria play a major part, in which case fatty acids 
probably make up the greater part of the end products. 

It is claimed by Dvarak that substances with low carbon and high 
oxygen content are usually the best sources of energy for A. chroo- 
coccum, which assimilated 5.73 mgm. of free nitrogen per 100 gm. 
of carbon in pine leaves as compared with 1237.9 mgm. per 100 gm. 
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of carbon in red cIov(n‘. II(‘ oldainc*d lor oflirr Nubsfjincc*s tin* 
tbllowinix r(‘.sn!ts: 

Mob.o ni^ni. of nitro^cai f)ca* I0f)^ni. asglnt'osc. 

2S0.1 m^'ni, of nitro^nii |K‘r 101) pit. as cornstalks. 

bllb.S ni^in. of nitro^tai |K‘r KKI^rn. in stalks and hh)! residues of 
com. 

2)20.4 rni^ni. of nitro|JC(‘n pea* 100 ^nn in wheat straw. 

carbon-" nitro^(‘n ratio in compounds is no indic*atioii of their 
vahn‘ to nitroi^cm-fixin^ (jrfcanistns, for nondci^inHifions hays and 
straws arc^ ntilizcal just ascdlVctively as are tla^ le|(inne.s. Moc4\eridixc 
found tliat tlic ratios of nitrcjgen fixed to tin* heat c»f ccanbusticai with 
tfie four Iow(‘r fatty' acids is almost cemstant. The same labels true 
with starch, d(‘X<nn, and ^um arabic, when allowance is made bir 
(‘Xptu’innmlal vn<ti\ whieli is greater witli these compounds than 
with th<‘ simpha* eoinpcamds. dliis c-IcKst* r<*Iations!tip is not. how- 
(‘V(‘r% |^raduat(‘<l and no sm‘h uniformity is observed witli the scales 
of monohydric aiccdiols. 

''riH‘ ({uantiiy of nitroy^cm {ix(»d |M‘r piuu of cairliohydrate variiys 
l^nadiy with th(‘spc‘ci(‘s. Winograilsky^ foumi 

num to assimilate* 2 to 2» mgms. of nitro|;en for eac*h i^ram of sugar, 
lint this like* othc*r anaeredne* organisms is \<*ry wasteful of energy, 
halving miieh of it in the butyrie aeid, ii<*efie ac*id, and bufy I iilecdiof 
form(*d. In the* (*xp<*nments of Hredcmiaiiii with H. amplaimrirr and 
of Pringshcam with f VrAv/nW/a/a amerteanmn, the amoiintH fixed were 
at tinH‘H nmeli larger. Mm-it gn*iiter fixations have been rejMirted 
with Az(it(ih(wUi\ and Lipman has obtaims! as high as In ffi 211 mgins. 
of nitrogen ]H*r gram of maniiiti* assimiiated by' J. AndamliL dliis 
(piautity* is lamsiderably greater than that fixed by any of the other 
members of the group. 

KcK*h and Sc*ydel e*laim that the usual method of estimating the 
nitrog(*n-fixing powers of Azoioimrkr in erroitecaiH, as it dm*s not 
represent iie<*iiratc,‘ly tin* intc*nsity* of tin* proeess. In it seriixs of 
expenm(*nts made by them, the ainouiifH of nitrogen fixed per griim 
of dc^xtrose lined were 70 to KO, 20 to 20, and fi to K mgms. on thi* 
first, seeond, third, seventh, ami eighth days, resfawtively. 

Krainsky <‘onHider.H that there should be Hiiflieienf orgiiiiie mittfer 
in the soil to |K*rniit that for I part of nitrogen torima! there xvill bt* 
00 parts of earlxm for the iisi* of th«! orgiinisifi. dlie organisms, licni- 
ever, utiliztt tlu^ earbohydnites more ee<inoiiii(*ally mlieii only Hinall 
(quantities are presc*nt. Walton finds with Indian .soil that higlif»Ht 
fixation is ol)tiiined iM‘r gram of mannite when 10 grams are iwcalin 
1 liter of nutritive Holntion. Young, vigorously^ growing ciiltnreH 
usually fix more nitrogen than the older ones. Tlii! nitrogen fixed 
is peatest in the first stages of the growth of the organisiii.n, as is 
seen from Mg. 33 from the work of Omelianski. 

The efficiency of these organisms is, therefore, greatest when they 
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are rapidly multiplying, and it decreases as their metabolic products 
accumulate. Hoffmann and Hammer claim this to he due in imi)ure 
cultures to a loss of nitrogen or free ammonia occasioned by the 
decomposition of the cells of Azotohacter. This exi>lanation would 
hardly hold in the presence of pure cultures, unless we ascribe the 
breaking down to an autolytic ferment secreted by the Azotohacter 
cell. According to Koch and Seydel this indicates that in the latter 
stages of fixation, when there occurs an accumulation of nitrogenous 
material in the medium, the organisms employ the carbohydrates 



Fig. 33.—Graph showing the fixation of nitrogen and decomposition of sugar in 
mixed cultures of Azotohacter chrodcoccum and Clostridium 'pastewrianmn, 


for other purposes than for nitrogen-fixation. Under natural con¬ 
ditions in the soil this accumulation and concentration of nitrogenous 
material by the Azotohacter is not likely to occur; hence, they assume 
that the organism will continue fixing nitrogen at the high ratio 
• noted in the early part of laboratory experiments. 

The quantity of nitrogen fixed, however, is dependent upon factors 
other than the source of energy; e. g., Krzemieniewski found with 
A. chrodcoccum that the addition of humates to the cultural solutions 
increased the nitrogen fixed from a maximum of 2.4 mgm. to 14.9 
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mgm. Moreover, Krainsky found Azotohader to utilize from 100 
to 200 gm. of sugar in the assimilation of 1 gm. nitrogen when 
grown in solution, but when grown on sand it required only 11 to 
30 gm. for the same fixation. 

They utilize their energy more economically in the presence of a 
liberal supply of phosphorus than when the quantity of available 
phosphorus is limited. This accounts, in a measure, for the high 
fixation noted in most Utah soils. 

Manure.—It has been known for a long time that humus exerts 
a highly favorable effect on nitrogen-fixation. The great question, 
however, has been as to the manner of action. Humus, being such 
a complex, variable substance, varies greatly in action, depending 
upon its source. Remy considered that some of the products from 
humus are favorable sources of organic matter for Azotohader. 
Definite and valuable information is furnished by the work of 
Ldhnis and Green. They worked with mixed cultures of A. chrod- 
coccum, A. beijerinckiij A. mnelandii, and A. vitrium in Beijerinck’s 
mannite solution with various forms of organic matter. 

Nitrogen fixed in 
100 cc. of solution 


Material. after 3 weeks. 

mgm. 

Fresh, straw.10.0 

Fresh, stable manure.9.8 

Fresh, peat.9. S 

Green manure.8.0 

Beijerinck’s mannite solution.5.6 


After humification, these substances were even more readily 
assimilated and the nitrogen-fixation was greater than when the 
unhumified substance was used. 

The same year Hanzawa published results which show that stable 
manure even up to 3 per cent, greatly stimulated bacterial activities. 
Green manure humus was found by him to be injurious. From this 
it is certain that humus can act as a source of energy and usually 
stimulates bacteria, but the extent is governed largely by its com¬ 
position and by the quantity of available combined nitrogen which 
is being supplied with it to the organism. In addition to this, corn 
roots, cornstalks, oak leaves, lupine, alfalfa, maple leaves, and pine 
needles may all serve as a useful source of energy to the nitrogen¬ 
fixing organisms. Apparently, the tissues from the non-legume 
give a greater gain than do those from the legumes. Fulmer has 
recently confirmed these results. 

The influence of stable manure upon the nitrogen-fixing powers 
of the soil under field conditions is seen from the following table in 
which the quantity of nitrogen fixed in the unmanured soil has been 
taken as 100 per cent. 
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Niirojcni fixol, 
tu*r c’laif. 

100 

100 

. 1 10 

. I Of) 

100 
. 101 


"rii<‘Nf‘ rrsiilfs indicate^ (’li*arly iliat. stjiblc* iiianur(‘ has a, iKaiaficial 
ollVc't ujaai th(* aifrogau-fixiuii^ fx^wors of tli(‘ soil, buf if uscxl in 
laixc» (|tiaiititi<‘S tlio Ixaicfit is not so pronouinosl as if uh(*(I in sinalli^r 
ffuantitias. 

dliis diHTfsiso in nitro^^on-fixation with in(*r(\as(al a.<l(li(.ions ot 
iiiaimn* must ha oonsiflcTtMl as due*, to its physical <dr(X!t npon th<^ 
seal, for Ilic’liards fouial that AzotolHieter grow a,nd fix nitrogfai in 
lairsc manure when it is well acTated and contains sufficifuit moisture^ 
and calcium carlxmatc. dlH'rc is, loo, a closer couma'tion b<d,w(‘(‘n 
tlic diet and ilic c^flVcI. I Iors(*s fcsl on oats ga,V(* fcc(*s which indu(‘(‘d 
the greatest fixafiem; horsc^s on grass next; catth* ixaMOving oat?n(‘ai 
cake thiffl; but tlie Feecss from catllt^ fed on grass f>rov(‘d unHuitahhx 

Manures often contain nitrogendixing orgasiisms of consiclcTable 
activity, dlicir activity appcxirs to la* grc‘at.c\st in fVnncmting rria- 
niircH mixed with straw whicli servf^s as a, source* of v.nvrgy. 

Although Fulmer and Fred were nnabk* to find Azfdohader in any 
id the samples e>f manure examined, they did obtain many nitrogem* 
fixing bm*teria from it. (hut of these! orgiunsniH, fen* which tliey 
.suggested the naiiie ed /I. uzaphUe, is as eflicactnt in fixing nitrefge^n 
as is . l:ziUdme.kr» ddiis wonlel make it appear that majinrc! may often 
c‘arry to the soil nitrogen-fixing organisms. 

Metabolis«i of A»tobact6r.“'-Miic‘li time has be‘en givem to a study 
of the metiibolisiii of Amtobaekr, yc‘t our knowledge^ of this subject 
is far from satisfiietory. It is well known that, the organisms oxidize 
the various cmrboliydriiti*^ and with tin* enejrgy thus olitaineal build 
up eaanplex nitrogen eeaiipoimd.s. B<*rtln!lot ejarly res'ognized that 
the nitrogen so fixeei is insoluble in water, thus indiexating its protean 
nature. Lipiiiaii foiiml that there wuis a small but apprcjeiable 
<|iiaiitity <#f nitrogen in both young and old f^ulturets of /I. miekmlii 
not preeipitiitf^d by leael acadate and a large? proportion not preteipi- 
tateel by pbosphotimgstie! eir by tamiie? aeieb Furtlier work inelieat.eal 
that the HiilwtiincaxH were either amineHi(id.sore*omparatively simple 
peptiei.H. Ile.! eoiiHide*re!d that erne? of the? early HiibstaneajH synthexsizesl 
by these eirganisms is aJanin. An analysis of the? AztdidHmkr meun- 
braiMj gave the* following re^snlts: 


hmuwum 
pi.ir ri*lit, 

I), an 


prr €*iiut. imt cfifit. 

2.7« fl.rill 


Mi^o 

Iii'f i-rrit. 

0.42 


'fot aI pw cfiiit. 
Nitmgiir) 
l»««r ©Kut. 

10.4f> 
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li(‘ finds (•()rr(*s|H)uds rcinarkal)l>'with that nl Ir^ninnn. 
Ex]>cTini(‘nts with plants indicate that thf nifru^riai 4>| thr J:: »/«i- 
barter cAh is not naniilx' assiniilat^ai. 

Stnklasa. tonnd th(‘ Azataharter tt» runt a in Itt.l! prr rrni. uf 
total nitr()^(‘n and S.t> |H*r crnt. of a>h. d hr a^h rnntainrd tnan uS 
to ()2.ur) pcT ('(‘lit. of ])hos|>li<»rir arid. Xitro^nai and pluuphuri^ 
\v(a’e mainly in the Form of niK^lrcHprolcdn*** and Itanlhin. I hr |H*r- 
<*cnta|i;(* of l)otIj nitn^i^cni and pliosphorns in tin* rrli inrrraa* witli 
ag(‘. 

Thrmost (*oniph‘t(‘ analysers of thr . Izat^iharirr rrlhs ui Par rrpurfrd. 
show tlann to contain wlaai i^rowrt on dextrin apir and raf idly 
<lrie(I at Aif ]H*r <a»nt. of water, 1.12 per t'ciit. of a'di. and 

12.92 p(‘r c(‘nt. of f^n^tcan. dlie protein is similar to other plant 
j>rot(dns. It contains H) per <*ent. of ammonia iiitrffi'em 2ti.o fMT 
cent of diamimenitrogim, atid fiO per cent, of iiiiiiioaniiim-iiltro^n*ii, 
Th(^ (piautity (d’lysin pn‘sent is \'ery lii|(ln tail flie Iii'4idiii is presriii 
only in trae(‘s. 

Krz(anieiii(‘wski statc‘H that prodiiecH im huirogni or 

other com})nstif)Ic Kasc*s in itMneta!)oIisin, hut immnlhm to Stf4!asii 
it d()(‘s, and in tlH‘ prc‘S(*nc’e td’ nitrates if prodiiees aiiiiiioiiia iind 
nitrites. MoIct elaims that diirinir its lift*. J. e/iri*oe irniw si^parafes 
no sohihlc^ (‘omponnds, nmi it is tmlx ilnif it fiiriiisht^.H 

nitro^(‘n to hightn’ plants. Xttr art^ thtdr boditcH mnlilx brokeii 
down by prottadytie efr/ymt*s. Btdb .1. rifp7i.t atifi J. nwlumlit 
sejairate a stdiible eomponmb llie protein roiiipoiiiiiis wu formeil 
in .soil arc! c|ni<‘kly brokcai denrn by oilier bitelerifi. Heiiix eofisiders 
th(! nitrogen fixtsl Iiy Jzi^taharftr in a readily iiejiilable form for 
plant assimilatioiL Ihijerinc4 found that oil per eeitf. of flic fofal 
nitrogen in Azutaharter ei^lls wlum siipplied to the soil is nitrified in 
about Hev(!n wec»ks. Xom* of tti<‘ Azutahmirr so fur sfiidieii prodiiee 
nitrates in the media. 

Turning now to the* breaking down of flit* earbidi>'iiriitt*H, we find 
that the organisniH procIitc*e etfiyl iileoliol, gtycaieolb aeetif* iieid, 
butyric acid, lacdie aedd, f*arboii dioxid mid hydrogeiL Tlie f{iifititit \ 
and quality of thc! diHermit produc'tH vary with the species iiiiti willt 

th(! (»arhohydratc* uhcxL 

It IB likely that many <d* the end-prodiiets Itaxa* not t«»eii deter¬ 
mined, for Htoklasa .Htarting with 152.1 gin. of dextrose rreovrred 
7.9 as carbon dioxid, fkd as ethyl ahmhob <k2 m forniir iieid, il7 uh 
acetic acid, 0.2 as hmtie acid, but cmnid not triiii! tin.! reiiiiiifiiiig li,<» 
gm. The orgaiiiHiiis art! cixtreinel}' imtive when growing iiiider 
appropriate conditions, for I gm. wa^ight of Azahhiekr Inis eviilvrit 
no less than 1.5 gm. of carbon dioxid in twenty-four Iiinirs. A great 
distinction betwa^eii the Azokimier and the other species is flint the 
former decornimse their sugar with emrbon dioxid its tlie rliief 
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pnniiK't, %vlH*r<‘as tin* other .spc*ci(‘.s]H*odu<‘c* large c|uant if ies ot hiif \ t u 
Some of th(‘S(‘ products may he aeeouute<l (or as follows: 
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It is known tliat wht*ii sugars, sucdi as gluecKS(% I<*vulos<* and iiiate* 
iios(* are acted upon hy alkalies, there* are produeesl a. great niau> 
produds, Muue of whicdi are hjrmic, earhoiiie, oxalic, lacticx fn riH jc 
tartnmic. lualicx iiiahmi<% tartaric, rihouic*, saf’charicx and glutsuiic 
aeiels iu addition t(^ many other eitlaa* luofi* or li*ss c<mijd<‘\ coiit- 
pcuinds. We can readily conce*iv(* that the Azu(nh(tvtrr hriug"> ahoiit 
a MUnewhat similar rcadioii, the* stages, htavei'er. lH*iug im»rc iiiecl\ 
gc»vcfiied, hecatisc of en7.yim.*h. Many ot tin* products would he 
oxielizt*d tie carlnui ihoxiel and water with the* lihm’atioii o( eucrg\ 
iif*eesHary for the cudeetlaTinie nitrogen reaction; otiiers reiidil> 
read wiflt the resulting nitn»geii (*onip«iiiudh. We are eonip!efel> in 
file dark aHtomdiat this first nitrogen e’oinpound is, hut we kiaae fliat 
the Jrdo/wc/rr possess the powc*r cd edianging uifrates or ttifrilt^s 
iiiidiT appropriate eonditioiiH into iinimonim I p to date* it has hei'ii 
iiiipe»sHilile tti detect nitrate formation; it ih not imiMissilde tfial 
nilraft's are formed iiial utilized hy intraeellular enzymes. Ii\ Rising 
nitrate's, nitrites or itmitioniii, we eaui offer a rough exphinittlon ol 
protein iiniiholisim 

'’Hit* eriilofheriiiie relief ion. 

may take plm*e and the iiiiimonia thus formed ma\' ^reaet with flic 
dec'ompositioii produetn of the sugars, pynivie acid for insfniiee. 
with the formation alanin whic*h Lipiiiitn (’oiisidered iis one ci! 
tilt* first produets: 

r|li.Cli rfifiH I NUi eilr- t'HX eiiitH | lilt 

cun c*iix fiHUi f in rHi titxii; mititi 
or with glyoxylit* aeid forming glyciaidi: 

in-o maul I Kll'i maul t IMt 

tUIXII mailf I 11. •■■■ t'll.xu maul 

By similar reiicUioiis oth«*r amimeaeids may he toriiied, Allure- 
over, W*itidas iiiai Kiioop have slituvn fliiii iiietliyliiiiadiizol he 
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produced from glucose and ammonia, presumably through the 
formation of pyruvic aldehyd and formaldehyd: 

CH 3 HN—C—CHs 

I ' I II 

CO + 2 NH 3 + HCHO = HC + 3 H 2 O 

I I II 

CHO N—C—H 

which is nearly related to the amino-acid/histidin: 


H—N—C—CH3 

H-C il 

I II 

N—C—H 


+ CH 2 NH 2 COOH C i I 

' li li 

N—C—H 


H—-N—C—CHo—CHNH2COOH 

II 


4- H 2 


The various amino-acids may, through the intervention of pro- 
teinases, condense with the formation of dipeptids, thus: 

CH3—CHNH2COOH + CH3CHNH2COOH = 

CH3CHNH2CONHCHCH3COOH + H2O 

By the continuation of this process and by condensing with phos¬ 
phorus and sulphur-bearing compounds, probably through the 
intervention of other enzymes, there may result the complex protein 
of the Azotdbacter cell. 

Pigment Production by Azotobacter.—Most species of Azotobacter 
produce pigments. These vary in color from brown to black of the 
A, chrcocGccum to a yellow or orange of the A. vinelandii. The 
pigmented film usually develops on the culture media in from three 
to seven days. It is formed by A. chrodcoccum earlier and in more 
abundance where old brownish cultures are used as the inoculating 
material. The pigment is produced and retained within the bacterial 
cell; it occurs in neither the capsule nor the medium. The pigment 
produced hy A. chrodcoccum is most pronounced when a dextrin 
agar medium to which calcium carbonate is added is kept at a tem¬ 
perature of 30^^ C. under well aerated conditions. According to 
Jones, it is produced only when there is a lack of suitable available 
nutrient material and when organisms in the pigmented area have 
ceased to multiply. The color of the pigment is intensified if 
nitrates are added to the medium in which the organism is growing. 
The non-pigmented strains apparently fix nitrogen just as readily 
as do those which have not lost the power of forming pigments. 

The pigment from Azotobacter chrodcoccum is insoluble in water, 
alcohol, ether, chloroform, benzol, and carbon bisulphid. It dis¬ 
solves in alkalies, undergoing decomposition with the formation of 

'^ark brown solution. Sackett maintains that the peculiar brown- 
'-lor which is characteristic of certain ''nitre spots’^ of some soils 
to the pigment produced by Azotobacter. Such soils are high 
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in nitrates and alkalies which would dissolve the pigments from the 
body of the organism. But Omelianski and Sswewrowa are of the 
opinion that althought in some cases the dark color of vegetable 
soil may be due in a measure to the action of these microorganisms, 
it would be a mistake to attribute it to this factor alone. Further¬ 
more, it has recently been proved that the brown color of the 
^^nitre spots’" is due to solvent and decomposing action of the 
nitrates on the colored organic compounds of the soil, for they may 
be produced at will in a rich greenhouse soil with an excess of sodium 
nitrate, and this too in soils which have been rendered sterile with a 
saturated solution of mercuric chlorid. ^ 

Morphology of the Nitrogen-fixing Organisms.—Of the many 
different bacteria which have been isolated and proved to have the 
ability to assimilate free nitrogen, Clostridium pasteurianum may be 
taken as a type of the anaerobic and Azotohacter chroococcum as a 
type of the aerobic. 

Clostridium pasteurianum is a short thick rod from 1.2 to 1.3 g 
in diameter and 1.5 to 2/^ long in the young cells; the older spore¬ 
bearing cells take^on a spindle shape. The bacteria stain a violet 
brown with iodin. The spores when ripe are I.Gac long and 1.3 m 
broad and often lie in a roughly triangular covering. The ripe 
spore escapes through the wall of the mother in a longitudinal 
direction. Their germination is polar. 

Azotohacter chroococcum occurs ordinarily as diplococci or short 
rounded rods 1 to 2 m thick and l.o to 3 m long, and according to 
Prazmowski the microorganism first presents itself in its vegetative 
stage as a bacterium, in the fruiting stage as a micrococcus, and 
possesses a nucleus which functions in the same way as that of higher 
animals. In the resting stage the nucleus assumes a globular form, 
having a strongly refractive nucleolus with clearly differentiated 
boundary layers. The individuality of the nucleus appears to be 
practically lost at times, because of its relation to the cytoplasm. 
The division of the nucleus marks the first stage of cell division. 
According to Bonazzi the organism shows peculiar granulations 
apparently not related to reproduction. These take the basic dyes 
and are neither fats, glycogen, starch nor chromatin,*but appear to 
be of metachromatic nature and seem to have their genesis in the 
nucleus. Their disposition in the cells is not constant but changes 
in different individuals. Involution forms occur and cell division 
is preceded by a simple form of mitosis. Some, but not all, varieties 
have been observed to form spores. The volutin bodies within the 
organism increase in number and size when the organisms are grown 
on media rich in nitrates. Hills suggests that they may have some 
relation to nitrogen-fixation, but his results appear to oppose this 
view; whereas the addition of nitrates to a medium greatly increased 
the reproduction, it very materially decreased the ph\\siologieal 
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efficiency of the organism. It seems, therefore, more likely that 
they are reserve protein material. 

Lohnis and Smith have recently observed that Azotobacter, in 
common with many other bacteria, pass through a life cycle which 
is not less complicated than those of other micro5rganisms. Under 
certain conditions they pass over into an amorphous or'' symplastic’ ’ 
stage, appearing under the microscope either as an unstainable or a 
readily stainable mass without any easily distinguishable organiza¬ 
tion, which, if not discarded as dead, later gives rise to new regenera¬ 
tive forms. They multiple not only by fission, but by the formation 
of gonidia. 

Methods,—Clostridium pasteurianum grows readily in a vacuum on 
carrots. The organism also grows on sliced potatoes, but ordinarily 
is grown in an aqueous solution containing 1 gm. K 3 PO 4 , 0.5 gm. 
MgS 04 , 0.1 to 0.02 gm. NaCl, FeS 04 , and MnS 04 , and 1.0 gm. 
CaCOs, and 10 to 15 gms. of a suitable carbohydrate in 1 liter of 
water. One method used by Winogradsky in isolating B, Clostridium 
pasteurianum was to add garden soil to a non-nitrogenous solution 
and to allow a stream of nitrogen gas to pass through the solutions, 
after which several successive transfers were made into similar 
media. The final culture, after B. Clostridium pasteurianum had 
formed spores, was heated to 80° C. 

The organism ferments certain carbohydrates with the formation 
of butyric acid, acetic acid, carbon dioxid, and water. When grown 
in nutritive solution devoid of combined nitrogen, it assimilates 
atmospheric nitrogen. Although in pure cultures it is an anaerobe, 
in impure cultures it may fix nitrogen under aerobic conditions. In 
nature it occurs in connection with two other bacteria which do not 
possess the power of fixing nitrogen, and their nitrogen requirements 
are small. When in conjunction with these organisms, Clostridium 
pasteurianum has the ability of growing in the upper layers or soil 
and of assimilating free nitrogen. 

Azotobacter ehroococcum grows readily on solid or liquid media, 
one of the best being: 

Per Cent. 

Monopotassium phosphate (neutralized to phenolphthalein by 


Sodium hydroxid.0.02 

Magnesium sulphate.0.02 

Sodium chlorid.0.'02 

Calcium sulphate.0.01 


Ferric chlorid (1 per cent, solution), 2 drops per 100 c.c. mannite 1.00 

The organism is readily isolated by seeding this medium with 
soil. After the characteristic membrane forms, it is transferred by 
dilution to a similar medium containing agar in which the charac¬ 
teristic brownish black colonies form readily. 

On mannite agar the colonies first appear as milk-white glistening 
drops, round and convex, which under a low magnification show 
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a coarsely granular structure extending to the margin. The colonies 
rapidly increase in size, and after a week or more become brown at 
the center with concentric rings alternating dark and white to the 
circumference and darker streaks radiating from the center outward. 
In old cultures, where the agar has partly dried up, the cells are often 
united in sarcina-like packets; the cell walls are much swollen and 
the contents are aggregated to a small ball at the center. At the 
same time giant cells, both round and elongated and filled with oil 
drops, can be seen. Often a number of involution forms are seen, 
drawn out with long threads and false septa. By successive 
dilutions and transfers, it may be obtained in pure culture, although 
at times considerable difficulty is experienced in freeing it from a 
small organism—5. radiobacter. 

Several different methods have been used for studying its nitro¬ 
gen-fixing powers: 

{a) Seeding into 100 c.c. of the medium given above and after a 
certain time determining the nitrogen. 

(6) The use of the same medium, but the addition of sufficient 
sand for the formation of sand slopes on which the organism can 
grow. 

(c) The addition of a definite quantity of a carbohydrate to a 
soil and the incubation of this. 

Each of these methods has its value. The first is much more 
readily handled in the final Kjeldahl determination, but the others 
give much higher results. 

Freudenreich found that when Azotohacter are grown upon gyp¬ 
sum, the gain in nitrogen is considerably in excess of that assimilated 
in the liquid media. Krainsky found Azotohacter to utilize from 100 
to 200 gm. of sugar in the assimilation of 1 gm. of nitrogen when 
grown in solution, but when grown on sand it required only 11 to 
30 gm. for the same fixation. Many other workers have noted 
similar variation when grown in the soil. Where the organisms 
have been grown on gypsum or soil, w’^e may attribute the stimula¬ 
tion to certain soluble constituents, yet this explanation scarcely 
seems plausible when considered in relation to sand cultures. Three 
strains of Azotohacter were grown in Ashby’s mannite solution 
and sand (nearly pure silicon dioxid) to which Ashby’s solution was 
added, with the following results: 


Nitrogen fixed in Nitrogen fixed 

Ashby’s solution, in sand, 
nigm. mgni. 

Azotohacter A. 6.86 22.61 

Azotohacter "B . 5.00 12.00 

Azotohacter C.6.44 10,80 


Moreover, arsenic is very toxic in the solution, whereas when 
added to the soil or to pure quartz, in small quantities, it stimulates. 
Although the total quantities of nitrogen fixed under the two 
18 
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methods diiler |i;reatly, tlie relative*, ot* the* organisms is 

about the same in l)oth eaises. In te^stin^ s()ils similar r(‘sults art* 
obtained, as may he seen from t\w. follo\vin<< rtNsuIfs, whieh an* tla* 
avera,g(^ for several hundred determinations imidt* on diHen*!!! soils 
by the two nu'thexls. 

Nilro|r,«*ti tixed in: 


I )cpth of Snmplc. 

Idrsl. foot- 
iSocoiuI foot. 
Thin I foot . 


KH) |.on, of Hoil 
1..*) of niannilc, 
ingin. 

, r).2K 

. 2.42 

. I , 00 


lOU r r. oi A'dnhy'fi 
ronimjuniK I >'» Kin- 
of juonnito 
lof'm. 

2 11 
0 77 
a .18 


Although the gr(‘ate*r aeration in the sand a,ml soil <*ultun‘ prohahly 
play a. gre^at part, therej is little doubt tlnit the* e*o!Ioids a!se> assist. 

Relation of Azotobacter to other Organisms. In the (*arl\ stuely ed 
nitrogen-fixation, the; view was h(‘ld that alga* growing on or m*ar 
the; surlWe of soil are a})le to fix nitroge*n. Frank in bSSS had 
ot)se*rve*d such a growth on sand e*xpos(;d tcf light ami found that tlie 
soil showed a eousid(;rabl(; im*reas(; in nitrog(‘n. In lKi)2 Sehleising 
and Laur(*nt ]>r()ve;d, })otli by det(*rmining the* nitr(»ge*n fixe*d by a 
soil iu a (*Ios(*d v(*ss(‘I and l)y observing the; elimiimliem of tla* nifrefge*n 
gas in the enc’losed air, that a soil e*xf){»s(*d light gains in nitn^ge*n 
if alga; are; all()wc;d to grow on the surfae-e*, anel that the* gain is 
(*onfin(‘d to the; upp(‘r f(*w millimc‘t(*rs. ''IlH*y die! not, laneever, 
em[>loy a pure; soil or pure* eulture*s of alga*. Ko.ssefwitseii, working 
with pure; (•ultur(*s of two gwen alga*, founel m* fixation, but e»b.serve*ci 
a considerable; iu(;r<;ase; of soil uitrogem wlH*n tlay we*re* growii witli 
soil baete*ria. Later, Kruger and Sehneadervind, cunploying pun; 
eultur(*s of many otlH*r ehlor<)phyee*a*, obiaimxl no nitn>ge*n-fixiition, 
n(*llri(*g(*l and I)e;h6raiu had found a large* inere*a.se in the; nitrogem 
eont(*nt of sand in pots wliem exposc*el to the* light, whie*li was always 
aee()mpa.nie‘d hy a. d(:;vc*Iopmentof alga*. In the* liglit of suedi re*Hiiits, 
the (‘onelusiou has l>e*(*n re‘a<*he*d that alga* alone; e*aiiiiot aHsimilafe* 
fr(;e nitrogem, l)ut only in c;on(*urre‘nee* witli seal hae*te‘ria, the* former 
produ<*ing earbohydrat(*.s whieh are* ii.s(»d by the* latfe»r as a Hoiire*e; 
of e;nergy for the uitrogem-fixation. I ft‘inze* netually efbs(‘rve*d rapid 
fixation of nitroge;n wlien eiilture*.s of alga* were* iimeulafed with 
hadrr or oth(*r fiitrogen-fixingorganisms. Stokla.sa found that. 
hader are; (*sp(;eiaily abundant in soils having a vigcu’ous grenvtli of 
bhu*-gr(‘(‘u aiga*. Az(d(}lmd(r are* often al)sc*nt front virgin soils, 
but are; always found in HU(*h soils wlie*n there is a vigorous growlli 
of alga*. Bottoml(‘y elaims that both Azidohadrr ami Ps<*tidomeums 
live* in true; symbiosis with eyeas. It, therefore*, appeitrs eertiiin 
that the nitrogen-fixing powers of Az'dubndrr are gre*atly e•nhaneecl 
wh.(*n growing with alga*, I>nt the; e;xaet role; play(*el by eii,e*h in ye*t to 
be* e.;x])laim*d. dliis etflVrs a rie‘h am! inviting fic*Id fe>r resc»a.rc*li. 

Nor is it alone in combination with algie that t!ic*se! organisms 
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mav grow and fhtis lir hoiuditrd. H(Mj(Tin{*k and van I)(d(lcu early 
rec*()<nu/X‘(l that an appanait syinhiosis t‘xists IxAween Azotobacter 
and^oth(‘r haf’teria, and that, the nit.rogiai fixed is considerably 
greater in the* ini\e‘el than in the pure cultures. This syinhiosis, 
though in many caM*> lH‘ne‘ficial to Azotobacter, is not exsscntial for 
nitrogen-fixation. RadiedaieteT, with which th(^ Azotobacter are 
usually asso<‘iatc*d, have eail>' sligiit uitrogeai-fixing ])owers, yet tliey 
increases tiu* nitrogeat-lixing powe^rs of Azotobacter. dlie <‘arl)()- 
hvdrates disappe*ar more* rapidly from mixed than from ])ure cultures 
and with a gre*ate‘r Jixation \>cr gram of carbohydrate utilized. 
There is also a gnaite-r fixation when two strains of Azotobacter arc 
grown in (‘onjnmAioii with e*ach oth(*r. This is especially marked in 
an aciueous solution of maimiten Il<‘sults have* bcicri re^ported where 
Azotobacter fixesl twi<*e* as much in the pre‘S(aK*e of IK^cudornonas as 
whem grown alone*. 

The manner in whiedi this mutual h(*ne*fit is ex(‘rt<*(l is not clear. 
In sonic cases it may lie elue* to the* associated organism rendering 
more availahle* the* eairl>onac*e*onH material. 

Onielianski ami Sahmskov oiler the following (explanation (*011- 
ee^rning tin* assoc-iation of adrolac* and auaeroliie nitrogen-fixers: 

“The syuc‘rge*tic activity of nitrogen-fixing and acc-ompanying 
micr()lK*s, is both in lalioratory e*xpe*rim(*nts and imdcT natural 
conditions (cultivahle* stratum of the* soil) e)f a difr(*r(‘nt (*haracter 
according to the* pro|H*rtie*H of tin* species taking part in th(^ process 
and their emviroiiment; in IxAh cas(*s the* function of the satellite 
organism seems tee consist in fixing tluj oxyg(‘n of the* air and creating 
the amich’ohic etiviriiiime*nt for (Hodridlmri paMcAirianutn. The 
specic^s addfxl tee the* ciilturesH of nitrogen-fixing micr(>h(*s sonudiincs 
supply the* e*ompcitindH of (xirhon n(a*de*d for the^ pro(*ess of fixing 
nitrogem as e*mTg«*tie suhstanc^e*. In the* (*aHe of tlu^ eornhinatioii: 
Azotobacter and Chmlridium pmtcuriamntT the funeliou e)f the* former 
is not confiiic*d to fixing the oxyg€*u of th(! air only, auel <;ous(*(piently 
to creating jin aniitTeebie en\’ironineut for tfu^ (IloAtridemn. But this 
comlduation is al^i mvfnl tnasmueh as it (h^stroys the injurious 
products (jf disasHimilatiem cre*ate*d by the* second fchicdly butyric 
acid) and maintains the* aedion of tin* environment. (Azotobacter 
is alkaligemie* and the Cbmtridhun acidogeuie.) 

“The^ satebite sjM»f*ic.H may also unfavorabl.y aflcet the^ nitre)gen*- 
fixing mic'robi*, eitlier through produeds of assimilation e)r !)y con¬ 
sumption e>f the* <*arl«m e*onipounciH nee*d(Hl by this mi(*r()h(; for 
nitrogen-fixing. Ida* c*ne^rge‘tie* fixation of e)xygen by thci satellite 
aerobic speciets creafe*s coneiitions favorabk^ to the ehivedopment of 
(Jlostridhmi juusIruriaunnR but at the* same time lundcTS tluegrowth 
of the Azoirhader, wliicli is ne‘e*e*ssanly aerohie. 

“The form (*ndeavf»ei with t!ie nniximum vitality a,ml at t.hei same! 
time the most common form in which combination ol the* nitrog(*n- 
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fixing organisms takes place in the upper soil strata is that of sym¬ 
biosis between the aerobic and anaerobic nitrogen fixers, principally 
between Azotohacter and Clostridium pasteurianum. In spite of the 
opposite properties of the two species, their synergetic activity in 
the upper strata of the soil results in a harmonious mutual develop¬ 
ment producing the maximum economy in consumption of energetic 
substances/' 

So far, little has been done to determine the relationship of 
Azotohacter to the higher plants, but it is interesting to note that 
Beijerinck has observed a distinct relationship between the distribu¬ 
tion of the organism and leguminous plants. Fischer suggests that 
some nitrogen-fixing bacteria presumably exist first as saprophytes, 
then as exoparasites in loose combination with green plants, then as 
endoparasites. Finally they develop the true symbiosis or root 
nodule bacilli. Hopkins has questioned whether there may not be a 
relationship between the legume bacteria and Azotohacter, 

The Influence of Wd.teT,'— Azotohacter are very resistant to drying; 
they may be dried for a considerable time in a desiccator over sul¬ 
phuric acid. Pure cultures are just as resistant to drying as are mixed 
cultures. This would vary some with the media in which the 
bacteria are dried, for the survival of non-sporebearing bacteria in 
air-dry soil is due, in part, to the retention by the soil of moisture 
in the hygroscopic form. This, however, is not the only factor, for 
the longevity of bacteria in a solid is not directly proportional to its 
grain size and hygroscopic moisture. Giltner and Langworth found 
that bacteria resisted desiccation longer in a rich clay loam than in 
sand. Furthermore, if bacteria are suspended in the extract from 
a rich clay loam before being subjected to desiccation in sand, they 
live longer than if subjected to dessiccation after suspension in a 
physiological salt solution. Because of this, they consider that soils 
contain substances which have a protective influence upon bacteria, 
subject to desiccation. 

Lipman and Burgess have found that many soils manifest a vigor¬ 
ous nitrogen-fixing power even after being air-dried and kept in 
stoppered museum bottles for periods varying from five to twenty 
years. In some cases the fixation was equally as high as in freshly- 
collected samples. The organisms from such soils are more easily 
attenuated than are other organisms which have not been so dried. 
The tendency is for soils gradually to decline in nitrogen-fixing 
power or drying. This may manifest itself as early as the second 
week. 

During the periods of drying, the organisms are inactive, as they 
require moisture for growth and reproduction. For maximum 
nitrogen-fixation a definite moisture content is needed. Warmbold 
found the optimum moisture content to be 20 per cent. When it was 
below 10 per^cent. there was no nitrogen fixed, and in some cases 
there was a decided loss of nitrogen^ Krainsky allowed soil with 
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varying moisture content to stand for some time and then inoculated 
it into mannite solutions and obtained maximum fixation in the soils 
containing fairly small quantities of water. Later, however, he 
decided that soil should be damp~~but not wet—and well aerated 
for maximum nitrogen-fixation. The water requirements vary with 
difi*erent soils. As a general rule, the higher the humus content of 
the soil, the more water will be required for optimum nitrogen- 
fixation. The quantity of water present may, however, become so 
great that it may Idll all Azotobacter in addition to stopping nitrogen- 
fixation. 

An insufficient supply of moisture checks both nitrification and 
nitrogen-fixation. This occurs in some soils when the water content 
has been reduced to 16.5 per cent. This again varies with the soil, 
for Schldsing found bacterial activity less in fine-grained soils than 
in lighter, coarse-grained soils. A difference in moisture content 
of 1 per cent, according to Dafert and Bollinger, is sufficient to pro¬ 
duce a marked change in the oxidation going on in the soil. 

The moisture requirement of the nitrogen-fixing bacteria, accord¬ 
ing to Lipman and Sharp, is more nearly that of the ammonifying 
than of nitrifying organisms. In a sandy loam it was found to vary 
between 20 and 24 per cent, the anaerobic nitrogen-fixers are most 
active, but the action of the aerobes is slightly depressed. Thus, 
in many soils two maxima of nitrogen-fixation occur, depending upon 
whether the conditions are favorable for the anaerobic or aerobic 
organisms. 

Traaen’s results differ from Lipman's in showing only the one 
maximum, as is seen from the following, which gives the milligrams 
of nitrogen fixed in 100 gm. of soil. 

5 per cent. 10 per cent. 17.5 per cent. 25 per cent. 30 per cent. 


Temperature. H»0. HjO. H^O. H*0. HaO. 

13°C. 0.1 1.5 n .2 13.4 5.4 

25°C.1.9 1.9 13.2 IG.C 15.5 


He used a loam soil with a maximum water capacity of 27.4 per 
cent. It is quite evident from his statement that anaerobic organ¬ 
isms played a prominent part in the fixation at the higher moisture 
contents. 

Since the carbohydrates disappeared much more rapidly in the 
soils containing the greater quantities of water, it is quite possible 
that greater quantities of nitrogen per gram of carbohydrate con¬ 
sumed are fixed where the smaller quantities of water are applied. 
This, together with the different methods used by the several 
investigators, would explain the apparent discrepancy in their 
results. 

In a series of pot experiments in which a calcareous loam receiving 
various amounts of water was used, the author found the moisture 
content for maximum nitrogen-fixation to lie between 15 and 22 per 
cent. These results also bring out the two maxima which were first 




278 


AZOFICATION 


noted by Lipman. These soils were kept at the various moisture 
contents for four months. All were then incubated at 2S° C. for 
twenty-one days with a moisture content of 20 per cent. 


Treatment. 

Nitrogen fixed. 

Per cent. 

Per cent. 

12.5 

100 

15.0 

108 

17.5 

102 

20.5 

104 

22.5 

108 


In this soil the optimum for the aerobes would appear to be at 
17.5 per cent, and that for the anaerobes 22.5 per cent, or higher. 



Fig. 34.—^Average percentages of ammonia-and nitric nitrogen -j—h'f'"!" 

formed and nitrogen fixed-in soil receiving varying quantities of water. On 

the ordinate is given the per cent, increase of the respective substances and on the 
abscissa the quantity of water applied as per cent, of water-holding capacity. 
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When too large a quantity of water is applied there is a tendency 
to depress the total nitrogen fixed, as is illustrated by the following 
results in which various quantities of water were applied to a soil 
throughout the year under field conditions: 


Inches of 
water applied 
during summer. 

37.5 . 

25.0 . 

15.0 . 

None . 


Nitrogen fixed 
in 100 grams 
soil, 
rngm. 

. 1.4 

. 2.1 
. 8.5 

. 3.5 


The maximum for anaerobic conditions does not appear in these 
results probably because the soil did not become filled with water 
and because under field conditions the water rapidly drains away 
or is evaporated. There would seem to be a correlation between 
the water content of a soil as measured in terms of its water-holding 
capacity irrespective of physical composition and its nitrogen-fixing 
powers. This is brought out in Fig. 34 in which water requirements 
for ammonification, nitrification, and nitrogen-fixation are compared. 

Temperature.—Berthelot early recognized that the biological gain 
of nitrogen in soils is dependent upon a suitable temperature. 
He found nitrogen-fixation to occur best at summer temperatures 
between 50° and 104 F°. The process was immediately stopped on 
heating to 230° F. Later Thiele maintained that although Azoto- 
hacter possess the ability to fix small quantities of nitrogen under 
laboratory conditions, the temperature would be unfavorable under 
field conditions. Heinze, however, found that although the nitro¬ 
gen-assimilating organisms are most active at a temperature between 
20° C. and 30° C., they nevertheless fix appreciable quantities at 
temperatures as low as 8 to 10° C. Still more recent work has shown 
the optimum temperature to be 28° C. and the limits of activity of 
Azotobacter chroococcum to lie between 9° C. and 33° C. The actual 
quantitative variation in nitrogen fixed is seen from the results 
reported by Lohriis. He inoculated 100 c.c. of a 1 per cent, mannite 
soil extract with 10 gm. of soil and obtained the following fixation 
at the various temperatures: 

Nitrogen. 


Mgni. 

10°tol2‘^C.3.15 

20° to 22° C.4.55 

30° to 32° C.4.27 


Better fixation at a lower temperature is noted when the soil is 
incubated and the gain in nitrogen determined directly.- Ivoch 
obtained fixations of 3 mgrn., 11 mgm., and 15.5 mgm. of nitrogen 
in 100 gm. of soil when incubated with a carbohydrate at 7° (\, 
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15® (1, and 24® r(\si)a(‘tiv(‘ly. Traat^n, usin^’ a loam S!)il with a 
maximum watcM*-hol(liii<^ (*a{)a(*ity of 27.1 par ('oiit., o!)lain'.‘d inauiy 
as ^TCat a lixatiou at 12® (h as at 25® (wlnai tin* <>|>timum mtaslura 
content was maintained. This is scam from tho ro!lo\viii*x: 


Nitn»K<‘n fixed i» KJU grn. uf siuii. 


Temperature. 

5 per ceul. 
IlaO. 
Mgin. 

10 r)(i;r cent. 
IIsO. 

17,5 rxT <‘ent. 
HaO. 

Mgiii. 

25 iHT mil. 

mo 

Mkui 

20 JHT rrnf 

n o, 

Mion 


, . 0.1 

1.5 

11.2 

12,4 

5 1 

25® C. . . 

. . 1.9 

1.9 

12.2 

1(5 0 

15 5 


A tem])erature, favorable (‘ven thou|^dii lUft id(‘al for nitro|^(‘ii- 
fixation, would (xaair in soils undfa* natural conditifuis. 41ie 
temi)erature of soil in Ktah during th(‘ months if S«‘ptrin!a*r averaged 
34® r., with a minimum of 10® (b and a maximum of 17® < *. 1 )uring 

June, Jul.y and August thc^ mean tem|>(*ratur(‘S would hf* rnueli 
higher. 

The mean daily t(‘mp(*ra.tur(‘s of the soil ha Bismarck, X«ai!i 
Dakota; Key West, Florida; and X(‘W Brunswi<‘k, Xew JcTsey; far 
the months of June, July, August and Sc*ptemlH*r wiTc* IS® (2S® ( 
and 24.5® res]>e(*tiva‘Iy. From this it is cnident lliaf during a 
considera})le period of (‘aeh year an arable soil has a tmiipfU'ature Itigli 
enough for moderately ra]Hd nitrogen-fixation. 

Although it is geruTally maintairuMl that then* is luf nitrogen- 
fixation in soils during the wintcT months, cold or (‘veii freezing does 
not injure the organism; for tin* <*ooling of a soil, (‘ven to the freezing 
point, inereases its nitrogcm-fixing powers. This is probably thn* to 
the sup)>ression of eom]H*ting sp(*eic*H and to tlie establishment of a 
new flora. The same is true; when tin* seal is •ln‘atefi, as may be seen 
from the r(*sults given b(*Iow. 


Tcsinperaturo 

Nitrogwi fixMi, 

dog. C. 

per 

Normal 

5.11 

50 

9.00 

55 

14.14 

00 

10.28 

05 

M.42 

70 

12.02 

75 

11.21 

80 

12.00 

85 

10.20 


This soil had been auto(‘laved and then inoeuliited with a soil 
extract which had In'em h(*at<*d to the tem|K?rature inclieiiieeL The 
stimulation could not, thc;refon», have !a*en due ti> the !ii*at rendering 
more of the plant-food in tlie soil available. The rnsuIfH indic'ate 
that many of tlie organisms which take part in nitrogcai-fixatioii 
are highly resistant to heat, 11 is significant that the greatest .sfiinu- 
latiou is exerted in a soil whicdi hinl been inoeiilaba! with Holiilifuis 
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heated just above the temperature which Cunningham and Ldhnis 
found to be the thermal death-point ot soil protozoa. 

Light and other Rays.—As a class, bacteria are sensitive to light, 
but the extent to which they can withstand it varies, among other 
things, with the conditions of exposure and the specific organism. 
Unfortunately, we have but fragmentary information concerning the 
effect of light upon azofiers, but what we do know would lead us to 
believe they are more resistant than many microorganisms—prob¬ 
ably more so than many other soil bacteria. Berthelot recognized 
that nitrogen-fixation in the soil occurred both in daylight and in 
darkness, though more freely in the light. Jones found many 
Azotobacter to be alive in a small Petri dish of dried soil that had 
stood in the laboratory in front of a south window for two years. 
They can withstand the direct action of the violet and of the longer 
ultraviolet rays for five minutes, but are killed in much less time by 
the shorter ultraviolet rays. They are more resistant even to these 
than are many other species. 

The fixation of elementary nitrogen by A. chroococcum is distinctly 
increased when the air is activated by pitchblende. Somewhat 
better results are obtained with weak than with stronger radio¬ 
active intensity. 

Aeration.—Under field conditions there is a mixed flora consisting 
of the anaerobic and aerobic nitrogen-fixing microorganisms. A 
soil condition which would be ideal for one species might be unfavor¬ 
able for the other. It has already been pointed out that there are 
two maxima of nitrogen-fixation in soils, depending upon the 
moisture content. This is illustrated in Figure 32. 

Although it is usually conceded that nitrogen-fixation is most 
rapid when soils are well aerated, this may not always be the case. 
Concerning this Murray reports the following results: 


Nitrogen fixed 

Kind of soil. Aerobic Anaerobic 

conditions. . condition, 

mgm. mgm. 

Greenhouse soil. 0.84 8.50 

Loam soil. 3.08 5.29 

Clay soil. 0.84 4.09 


This condition must be attributed to a great difl'erence in the 
physiological efficiency of the two groups found in these particular 
soils and not to a lack of aerobic nitrogen-fixing organisms, for more 
than ten times the number of organisms developed on nitrogen- 
poor media from these soils under aerobic as under anaerobic condi¬ 
tions. 

Season.—Berthelot was unable to show any gain in nitrogen of 
his soils during the winter, but Koch found a considerable increase 
during this season in soils which were kept in a heap and shovelle<l 
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over from time to time. Lolmis ohsi^rved that Azatohdclcr iinaii- 
bniiies are more rea,(lily obtained in winter than in summer. II{‘ 
later found that the uitrogen-fixiu^ power of soil vari(\s from mouth 
to month throiij^liout th(i year, ther(‘ J)(‘in/»: two maxima -oiu^ in 
spring and another in autumn. Tlu^ extcmt of the variation noted 
may be seen from the following: 


1903-1904: March .. 100 

May.121 

“ .hilv.30 

“ Scpteiiihcr. 100 

1907: April.... . 100 

May'~Jiin<i. 133 

“ Jiily-An^niHl.0)9 

“ OcI.oIku’-N’ovchiIx'I' .122 


Thri r*clati\'(‘ iiuinlrr'i-H ai’c hjiHcd on th(‘ Hpr'iii^?; iiioiilliH as 100. 

(irreen found nitrogen-fixation in 1 per emit, mannite solution to be 
low during August, Sept(‘mher and April. In otluu* months he 
noted a fairly constant fixation of about 10 mgm. of nitrogmi p(T 
gram of mannite. He also not(‘d a mark(‘d y{‘arly variation in the 
nitrogen fixed during July and August. 

Walton found nitrogiai-fixation Iow(‘st in Indian soil betwcnm 
OetoIxT and January and high(‘st tietwemi Jun(‘ and Si^ptcnnber. 
'fdiis eorres]>onds with moistun* and femp(‘ratur(^ (Jiang(‘s. Peterson 
has found that although the nitrogen-fixation of I tah soils is higlu'st 
from JuiH^ to Septernlier, the numlHT of types of Azdiabacter oeeur- 
ring in the soil was gnnitest in May. Moll go(»s so far as to maintain 
from his work that the season of the year is tlie principal factor in 
determining the hioehernical transformation in soils. This would 
appear to he espcxdally tnu^ as regards nitrog<m-fixation. 

Crop.'—IIeinze called attcaition to th(» fact that the fallowing of tlu‘ 
soil increased its nitrogcm-fixing powcT. This <‘ould lx* dm* to lx*tt(*r 
aeration, moisture, t(xn|KTature, etc., and not to any depn*ssing 
influence exertcxl directly by th(^ plant. Most (*xpc‘rim(‘nts which 
deal with ]>lant and bacterial activity could be inf<*rprc‘t(xl in tliis 
light. Ililtner maintained that tin* frect nitrogen-fixing ba(*tcTia 
are stimulated in th(*ir aetiviti<‘s Iiy the growing plarit nxds. Th(‘n* 
may he e()nsid(*rable truth in this, for lien* the higluT phinis an* 
rapidly removing from tlx* solution the soluble nitrogen compounds. 
In this case, thc^ nitrogen-fixing organisms would b(* fonxxl (*ither to 
(*()m])ete with the highew plant for the? soil nitrogem or els<* to make 
use of tlieir ability to live ipxm the atmospheric* nitrogen. It is 
certain that different cultural methods vary sufficiently with crops 
to influence profoundly a soiFs nitrogen-assimilating ]>ropc*rti(*s, 
for the Azotohacter o(*eur more widely distributed in eultivatcxl than 
in virgin soil. The analyses of liundreds of sami>I(*s of c*ultivated 
and virgin soils in Utah have in nearly every c*aHe sliown the virgin 
soil to have a low nitrogen-fixing power as comjiared with the ciilti- 
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vated soil. This was the case even where the soil was incubated 
without carbohydrates and the nitrogen determined directly. The 
average results for many determinations were as follows: 


jMgm. of 


nitrogen fluid. 

Virgin soil.G.99 

Cultivated.14.28 

Wheat.•.11.83 

Alfalfa.12.24 

Fallow.22.81 


The fallow soil had received considerable manure, hence these 
results are undoubtedly high. It would, however, be possible to 
fallow or crop soils so continuously that extreinel^’^ small quantities 
of plant residues would be returned to the soil, under which condi¬ 
tions there might be a decrease in nitrogen-fixation. The conditions 
of moisture and aeration are much more nearly ideal in a fallow soil 
than in a cropped soil. It is just possible that the high fixation 
noted where wheat is grown continuously may be due to the method 
in vogue in the arid districts of leaving the greater part of the straw 
on the soil. This would act as readily assimilable carbonaceous 
material for the Azotobacter, Welbel and Winkler have found that 
fallowing not only increases the assimilable nitrogen but also the 
available phosphorus of the soil, a liberal supply of which causes the 
Azotobacter to utilize its energy more economically. That the 
increased nitrogen-fiixation noted when soils are cultivated is not 
confined to the arid soil, is seen from the recent work of Reed 
and Williams. Brown’s work indicates that crop rotation increases 
the nitrogen-fixing powers of a soil. 

Climate.—It has been maintained for a long time that there is a 
close correlation between the chemical, physical, and biological 
transformations going on in a soil and the climatic conditions, but 
there was nothing definite on this subject until the highly interesting 
work of Lipman and Waynick appeared. They found a definite 
relationship between climate and the nitrogen-fixing powers of a soil. 
Removal of (hilifornia soil to Kansas increased the vigor of the 
Azotobacter flora and especially that of A. chroococcuvi. It increased 
the nitrogen-fixation by 50 per cent, over that attained by the same 
soil in (’‘alifornia. Similar results were obtained in California soils 
removed from Maryland. Kansas soil taken to C’alifornia lost its 
power to produce a membrane in mannite solution, the Azotobacter 
flora became rather feeble, and the nitrogen-fixing powers of the soil 
were greatly reduced. The removal of the Kansas soil to Maryland 
increased the vigor of the Azotobacter and induced a higher fixation 
of nitrogen. The Maryland soil in California diminishes in nitrogen¬ 
fixing powers, but not in so great a degree as does the Kansas soil. 
This also happened when the Maryland soil was taken to Kansas. 
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The bacterial flora of a soil, therefore, is de])en(Ieiit n])on climatic* 
conditions which affect many of the other properties of a soil. 

Relationship of Azotobacter to Nitrate Accumulations.-The fact 
that certain si)ots in western (‘iiltivated soils were nny rich in 
nitrates was first ol)S(rved hy Tlil^^ard This h(^ attrihntcMl to the 
rapid nitrification of the organict matter of tlu^ soil In the warm arid 
climate of the West when the moisture limit was nmmvcMl by 
irrigation. 

A number of years later Ileadden noted thesc‘ “nitre s])ots” in a 
number of Colorado soils, but he attributed it to the fixation of 
atmospheric nitrogen by the non“Syml)iotic bacteria whicli find in 
the western soils ideal camditions for growth and rapid nitrog(‘n 
fixation. This conception has been furthcT amjdified l)y Ilcaiddcm 
and also Sackett. In the early work by Headdcii it is assumed 
that the Azotobacter not only fix the nitrogem but also ]>nKluc(‘ the 
nitrates. It is known, however, that th(‘S(‘ organisms do not ]>rodnc(^ 
nitrates. 

Moreover, there are a number of otlutr vital objections to this 
theory. (1) Lipman has shown that for tlu^ fixation of tin* quantity 
of nitrogen which Headden maintains to hav(‘ oc(*urn‘d, it would 
require from lOOO to 2()()() tons of carbohydrates. ''Fhen^ is no such 
visible supply of energy in thcs(‘ soils. Trius many of thes(t soils 
have a rich alga^ flora, but it has not beem proved that this will 
furnish a sufficient supply of available (‘n(*rgy. (2) Tim avcaaige 

amount of nitrogen fixed in tliirty-two samples colle(t(‘d in the 
nitrate region was 7.4 mgms. and th<i average nitrogen fixed in 
thirty-one sam])les of dry-farm alkali-fret^ soil in Ctah was 12.2 
mgms. Yet there is no accumulation of nitrates in these lalttT 
soils. (3) The quantity of soluble salts occurring is often sufrnnnt 
to stop the activity of all nitrogen-fixing organisms, if not to kill 
them. (4) The quantity of nitric! nitrogen and of chlorin in any 
given ''nitre spot’’ varies in the same spot from year to year or from 
period to period within a year. (5) The country rock a<lja(*(‘nt to 
the nitrate accumulations and whi('h has contributed to the soil 
formation contains abundance of nitrates to account for the iiccumu- 
lations noted. (6) Soils having a similar i>hysieal appearance may 
be produced in the laboratory in the absence of bacteria. Because 
of this, we must conclude that the accumulation of nitrates in spots 
in western soils have their origin as do other lufcumulations of 
soluble salts found in the soil and not in the fixation in phu*e by 
bacterial activity. 

Soil Inoculation.—High hope was entertained that the nitrogen 
problem in agriculture had been solved, when (hiron announced that 
he had prepared a culture of bacteria which would enable non- 
leguminous plants to utilize free atmospheric nitrogen, provided 
certain precautions were observed. Many of the results whic'h he 
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reported on pot experiments were clearly in favor of the inoculated 
plant. Stoklasa was one of the first to study in detail the commercial 
preparation ‘'alinit’’ which was placed on the market as a result of 
Caron’s work. His findings were fully as favorable as Caron’s, 
but the work of others soon demonstrated that ''alinit” neither in 
the laboratory nor in the field had the ability to fix nitrogen. When 
Beijerinck discovered the free-living aerobic nitrogen-fixers, the hope 
that soil inoculation may be so perfected that it would be beneficial 
to crops was revived, and since that time many investigators have 
attempted to inoculate soil in order to increase its crop-producing 
powers, but usually with negative results. Stoklasa has made 
great claims for soil inoculation. He found that soils, inoculated 
with Azotobacter chroococcum and adequately supplied with carbo¬ 
hydrates and lime, showed an increase in the number of nitrogen¬ 
fixing organisms, and also an increased yield both in quantity and 
quality of the crop. Stranak also obtained a pronounced increase 
in the production of beets, grain, and potatoes on inoculating with 
AzotohoMer, 

There may be a decrease in the crop during the first year when 
carbohydrates and Azotobacter are added to the soil with a marked 
increase in crop during the second and third year. Even then, the 
soil may be left richer in nitrogen than it was at first. 

The effect of dextrose and sucrose on the productiveness and nitro¬ 
gen content of the soil is shown below: 


Carbohydrate added per 
100 gms. of soil. 

Crops obtained. 

Total 
nitrogen 
remained 
in crop, 
gm. 

Total 
nitrogen 
left in 
soil 

spring of 
1906, 
per cent. 

Nitrogen 

as 

nitrates, 
pts. per 
mil. 

Oats, 1905. 

jsugar beets, 1906. 

Dry 

matter. 

Yield of 
nitrogen. 

1 Dry 
j matter. 

Yield of 
nitrogen. 

None. 

1 100.0 

100.0 

100.0 

100.0 

‘. 1 

0.9514 

0.093 

10 

2 per cent, dextrose . 

32.8 

62.5 

186.0 

190.0 

0.6814 ! 

0.105 

17 

2 i)er cent, sucrosti 

33.3 

58.7 

179.0 

195.0 

0.6800 

0.105 

15 

4 per cent, sucrose 

37.7 

78.1 

283.0 

339.0 

1.0092 

0.119 

37 


It is often the case that the addition of starch to a soil during the 
first year retards plant growth. This injurious action may be due 
to the augmented bacterial activity in the soil brought about by the 
carbohydrates which injure the roots of the plant by withdrawing 
oxygen and by forming hydrogen sulphid in the deoxygcnated 
atmosphere of the soil through the reduction of sulphates by the 
bacteria. 

The effect produced by the carbohydrate applications also varies 
with the season. If applied to the soil in the spring when the soil 
temperature is low and other bacteria are more active than 
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Azotobacter, the results are that they ra]>i(lly multiply and <*om[i(‘t(‘ 
with the higher plants for tlui limited a,vailal)l(‘ ])lant-food. If, 
however, the (airhohydrates are a]>]>Ii(‘d in tli(‘ autumn din‘etl\- 
after the removal of the ero]), when the soil is warm, Azotohaetcu- 
are active, witli the result tliat siiffi(‘ient nitroguui is fix(‘d to produce^ 
an iiKTeased crop tlie following season. 

]f tlie same (piautity of carbohydrates ])(‘r unit of nitrog<‘n lix(‘(! 
be required by the organism undcu* natural conditions, as an* found 
necessary in laboratory experiments, enormous (juantiti(*s would la* 
required for the fixation of a.ny considerable (juantity of nitrogem; 
but it is ]>ossif)Ie that, in the soil they an^ mon* (‘(‘onoinicad with their 
energy or tlnw may live* in symbiosis with other organisms which 
furnish them ])art of tluar carbon. 

Many workers have noted (‘ith(*r no (*l!Vct or (‘V<‘n a dc^trinuaital 
iiiHueiU'e when soils are treated with the* carboliydratc‘s and tlH*n 
inoculated with jlzotolHwfrr. ddiis may lx* due in a gn*at im^asun* to 
any or all of the following factors: ia) Absenca* of a suitable* 
environment, as temperatun*, moistun*, aeiration, food and alkalinity; 
(h) al)sene(; of a suitable host from wlh('h Azohharfrr may (jl)tain 
part of its carbon; (a) injurious ellcets du<^ to tin* decomposition 
products of the (*arbohydra.t(* added. 

There is considerable interest in tlu* work of Bottomhw who 
uses bachrized pcjat, or humogem. The bact(rizing pnx'ess <‘onsists 
of three stages: (a) Treatment of p(‘at with a eulttin* solution of tin* 
special “humating” bacteria and an incubation of it at constant 
temperature for a week or ten days, during whicli ptn-iod sohibh* 
hurnates an^ formed; (h) destruction of tin* humating liaeteria by 
sterilization witli livt* steam; (cj treatimmt of this sterilized peat 
with mixed cultures of nitrogtii-fixing organisms Azofolnifirr 
chnmocoum. and Bacillus* radkicola and an ineul)ati(m at 2(f i \ for 
a few days, after whieli it is ready for ust*. 

Theondieally, then* is mn(‘h in this proec*ss wliieh reeonim<*nds it, 
for tliere is no abrupt ehang<‘. in imvironnamtal (‘onditions for the 
organism added, as would be the <‘ase when addcxl from laboratory 
culture. Moreover, they are added in enormous <piantitie.s and 
with a source of carbon which is not far diflVrtmt from that found in 
the soil. Russell, howevc^r, after carefully revi(‘wirig all of ttic 
experimental evidenc*e on the subject, ('on<*lud(‘s: “There is no 
evidence that liumogeu possesses any sp(*eial agricmltural value*. 
There is not the least indication that it is fifty timers as ellVe'tivc* as 
farmyard manure, to quote an often repeatexl statenuml, and tla^re 
is nothing to show that it is any better than any oth(*r organic 
manure with the same nitrogen (*ontent.'' Furtlu^rmorc*, \m (‘on- 
eludes that there is no definite evidence! that baet(*rization“ really 
adds to the value of peat. 

The conclusion is evident that soil inoeulatiou, in order to he 
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arciitup:i!iii-'i I*; «i»r n•mIcri 11 ^ (if ihc pliysical 
aiidrlK'Hiica! |iriiiifr!ic - "f lli'' "‘i f"i' ft if maiw t li nf I lie specific; 

(irfiiiHi.'iii'te 1»'*'■" iii placed in a new enviroM- 

iiiciit iilrcad> eentaiiiinu million < ati mwcr liejie te ^aiii the aseeiul- 
eiie\ (wertlie"rf;jini 'iii- iiatiiral!> neeiirriin: in the -,iiii, fer tliey huvc; 
hee'n >lni|:uliiis: f"*’ f'luntli- - nciieratieit tn adapt themselves to tlu; 
eiivin.iiiiieiit and oiih thee which are fitted liave suiwived. Tlu; 
prolileni heeoine- (Well more eiimplicated when we recall the finditiKss 
(if hipmaii that the haeterisd f!"fa of a i.il in many eases entind^v'^ 
(■handed h\ elimatie condition', (hi thi aeeoiiut. it would appesi.r 
that ever to make .oil inoculation a ueee.H the chemical, physical, 
and even the hioloKieal condition mu4 lie made suitahh* for tlu; 
^rrowth of the 'peeifie oruani in added. Furthermore, strains of tlu; 
organi'in mii't he lued which ha'.e heeii evolved under .siniihir 
eliniatie eoniiilioii*. 

Soil Gains in Nihrogen. It i well cUahliMhed that many forms of 
niieroseopie oruaiiiNim pto.e - tin- powi-r of fivinj: nitrogen eit,lu;r 
when sirown alone or in eoinhinatitm wifli otlier orKnnisms of tlu; 
soil. Manv of llie>(‘ liave heen ohtjdned in pure culture and tludr 
nmrpiiolokd and pit.', uolo^n earefiitiv tudied. 'I'lie most favoriihlt; 
eoiiditioii'. for their mavimuin nitrotieii-fiHalion in pure eiilturc'S in 
liiinid Miltilioii" iiave la-en aeinnitel.' determined. .SoiiU' of tlu; 
condition''rcfinidte for their aeii;if> in oiil. are known. 1ml on tliiw 
phase of the aihjcet there are man; yafo in onr know ledjfc and miH-li 
work mU't \et he done liefore we ‘'an tat(- definitely llie part \vlii<-li 
they phn in tin* ceoiadii'' of nature and hefore vve can .say \vhi<-li- 
are'tlie UTV Im'*! melliod' for inereadnu their usefulness. Nevor- 
theless. if i-. infere'titif; to eon ider the results ohtjiined hy a Ik'W 

worker'. • e i 

iiertlielof s earl> lahoralorv evperinienls led liim to heheyt* tlutt 
saiais and elaV s luaV fis m a o'ar f roin #.i t o 11H) pounds oi ni11 1 .11 
to the acre, in two eveptional instance , he noted that nitrop;on 
was lived h; -amis at the rate of poimd . and ftHd piamds an a.ciu;, 
hiif soils which eonfained fairl> iurjie (piaiitities of uilrof^en iievuT 

umde inarkediv rapid tJaitt• i i . 

'riiiele. on the other hand, mumtained that u hile t here is iio doiu >t. 
that .k^ohi/wchr |Hoses-cd the jiower <if fiviiiu free nitroKum, umli-r 
hihoratorv conditions .u-l if i not certain that conditions would Ix-'- 
Mieh in .soiF for aii> itain of !iifroi;en (hie to the aelivily oi thi'sst; 
orfjaiiisiiis. We have alreadv seen, however, that tin* 
do not reijiiire as hik'h a teni((enifiire for nifromui-livatioii in soil sns 
lit ‘. If i-'« iihiM’i-rlfiiii flijit ill iiHh'Hf jintljlc* 

in Hiiffiiiiiit a part <»i’ tnr a lairl.Y 

riif/ai 1 #ip 

Kriiii^ki tliiiikH fli.'it lirfti-r rr ii!t IinuM 1«‘ nhiainrd in 

.Hoiln fliitii ill fiiiri* fiiltiir*\ f<#r tia in 

biosb witii I 4 iitf 4 r#»| 4 iif'in iiialn* ffrpinia ffirnpoiuic s 
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available to the Azotobacter, In soils the iiitro^en fiX(Ml is ra,])i(lly 
removed by other plants, })eeaiise of which the slowin^-tip proec^ss 
that becomes perce]>tible so early in laboratory cxperiimmts should 
not occur. 

In addition to an optiniinn temperature and moistiir(‘ content of 
the soil, the Azotobacter arc^ de])euderit ui)on a supply of (‘arbon for 
energy and inorganic? nutri(?nts for tla^ building of ec^Il ])rotoplasm. 
Unfortunately, it is too often tin? ease tlnit under natural <*onditions 
those soils which are defi(*i(mt in nitrogem are also lacking in avaiilabh? 
carbon, and especially in i>hos])horus, whicli arc? so essential for rapid 
nitrogen-fixation, dlien th(?re are the* tc;chnic‘al difHcailties which 
the chemist enc‘ount(Ts in det(?rmining tlie gain c)r loss of nitrogem 
which occurs in soils undcT natural c'onditions and whic‘!i may be 
attributed to non-symbiotic? nitrog(‘n-fixa.tion. 

There are, ]iowevc?r, se\Tral C‘ases in whic*h the? gain has been 
measured with a fair degrex? of acx*ura,c*>'. 

Lipman, in]K)t ex]>(‘rimentsc‘arri(xl on with a soil containing about 
5000 ]>ounds of nitrogc^n per acrcvfoot of soil, found a gain of more 
than one-third this amount in two short scxisons. Much of tliis 
must be attributed to non-symbiotic: nitrogen-fixation. To th(\H(‘ 
soils had been applied solid and lic|uicl munur(% whic*h furnislicxl to 
the organisms readily-available sujyphVs of caicTgy and various 
necessary inorganic? c*c)nstitu(?nts. This fixation was not ncxirly so 
rapid where legumes were turned imcl(‘r as gr(?en mamirc*s. 

Koch found a gain of from 0.019 to O.OOti per cent, in soil nitrogem 
during two semsons whicli must be attributcxl tc^ !ion-symlaotie 
nitrogen-fixation. In addition to this there? was a tIinx*fold gain in 
the nitrogen (?ontent of the (Tops oats, buekwhcxit, and sugar-bec^ts 
““■which must also be attributcxl to the? action of Azotobader, 

Hall notcxl an annual gain of 100 pounds of nitrogen on Broadbalk 
field at Kothainsted and 25 pounds on (ifr(\s(Toft fic»ld. lie* fe*e*ls fliat 
much of this gain must be? due? to the action eif non-symbiotic? 
bacteria. Lipman points out that the? ac*tual gains of nitrogem are? 
even greater, for this eloexs neit take? into e*onsicleration tiie* various 
losses which are? sure to o(?(?ur even under the? b(*st of <*onditionS. 
Hopkins takes tlie stand that the* aj>pare‘nt gain is elue* in a large 
measure to drifting elust and ]>lant re\si(hie*H {*onpIe*d with thc^ diffi¬ 
culty of obtaining representative samples of stiil at tfie? two diflerciut 
periods. Even when all of tliese factors are* considered the evidemem 
points to a gain of nitrogen througli baeteria! activity. 

The analysis of a great number of soils in Ltali sliowed that the? 
average nitrogen (*ontent of the soil which had grown whe?at and 
other nc)E-l(?guminc)us plants for from twmnty to fifty yemrs was 
0.2009 per cent., whereas adjoining virgin soil on the average showexl 
only 0.1984 per cent, of total nitrogen. The evidence is very strong 
that considerable nitrcjgeii Ipis bcx?il added to these soils by micro¬ 
scopic organisms, for: 
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In nearly every case the cultivated soil fixed much more 
ti'ogen in the laboratory than did the virgin soil. This was the 
when the soil was incubated with or without the addition of 
^t>onaceous material. 

( There is a richer nitrogen-fixing bacterial flora in the cultivated 
in the virgin soil. 

The conditions of moisture, alkalinity and food constituents 
the soil were ideal for rapid nitrogen-fixation, and the temperature 
the soil was high enough during a considerable part of the year 
^ the growth of Azotohacter. 

The cultivation of the soil would increase aeration and avail- 
>1^ phosphorus in the soil. 

(^) The large quantity of plant residues would act as a supply of 
-I'bon which is readily rendered available by the soil’s rich flora of 
tliilose ferments. If these soils had produced a wheat crop ev(iry 
ternate year and all of the nitrogen which had been added to the 
without loss from leaching or bacterial activity taken by the 
it would have necessitated the addition of 25 pounds an acre 
-a^rly, which is evidently the very minimum which can be attributed 

- tliese soils to non-symbiotic nitrogen-fixation. 

Eighty different samples of these soils were incubated in the 
oratory for twenty-one days and the gains in nitrogen determined 
V oomparing with sterile checks. The soils were incubated without 
ie addition of anything except sterile distilled water. At the end 
P "the period the average gain per acre for the cultivated soils was 
32 pounds and that for the virgin soil was 92. 

True, fixation would not continue long at this rate, for when the 
itirogen content of the soil passed beyond a certain limit decay 
a^cteria would increase rapidly, and in the struggle for existence 
bey are able, with the advantage at their disposal, to su]>]>ress the 
i.ore slowly growing Azotohacter, which would gain the ascendency 
ga-in only when the nitrogen of the soil became low. 

- Thus, there is an upper as well as a lower limit to the nitrogen 
ontent of the soil as far as bacterial activity is concerned, but by 
making the conditions for nitrogen-fixation as nearly ideal as possible 

may maintain in a soil the upper and not the lower nitrogen 
ontent. 

In conclusion, it may be stated that although the part i)layed by 
iL^otohacter in maintaining the nitrogen of the soil has not been 
lefinitely measured, it is nevertheless an important factor. Hall 
onnd it to be at least 25 pounds, Lohnis 35.7 pounds, and the author 
*5 pounds per acre annually. It is, therefore, conservative to state, 
ls has Lipman, that these organisms, under favorable conditions, 
Lcid. from 15 to 40 pounds of available nitrogen to each acre of soil 
/-e^rly. 
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CHAPTER XXIV. 


SYMBIOTIC’ XITRCKJKX FIXATIOX. 

Fkom the (‘aiTK\st day of agricultural practice* it lias Ihmui the 
experience*Of ])ra(‘ti(*al ine‘n that le‘guine‘S unehu’ apiiropriate* (‘euieli- 
tions rcnelcr tlic seiil more iirexluctive*. It was the* practice* cf the? 
Roimui fa-rnuTS tei ple)W unde*!* lupine‘s in crelcr to e'urich the‘ir se>il. 
This ]>ra(*tie*c has pcrsiste‘(l throu|i:h all the* succe'enlin^ a^e‘S hy tlie* 
farmers eif Kure)]>c and Asia. Hut it is only within the* me*mory of 
men neiw living tluit we* have* I)e*e‘n able* to state* the* e*ause* of the* 
increaseel fertility. 

Early Theories.*- Li(*hig, hy ai>]>lying the* e*xact ine*tli(Hls e>f che'Uiis- 
try to agriculture, was able te) ele‘monstrate* that plants g(*t tlH*ir 
carliem fre>ni the (‘arhon elieixiel e)f the* air and imt from the* <‘arhon 
(?e)m]>enmds eif the* soil. He* e‘ame‘ to re‘gard the* ammemia of the* air 
as analogous te> the* e*arl)e)n elioxid anel taught the* doctrine* that the* 
l)lants are able tei elerive tiledr nitre)ge‘nous foenl from the* atmosphere. 
He wrote: “ If the se>il be* suitable*, if it (*emtains a sufficie‘nt ffuan- 
tity of alkalies, jiheisphates, anel sulphate*s, nothing will be wanting. 
The plants will elerive* th(*ir ammemia freun the* atiiiospIuTe* as they 
do carbemic aciel.” Li(*big e'euiHiel(*re*el all e-rops eaipalde* e)f se‘e*uring 
the nitreigen freim the air, but the* l(*gum<*s anel other broad»h»afc*d 
])lauts W(Tc C‘S]K*cially fitte*d for tliis task, as is witne*ssc‘d by the* 
fact that the*y lH‘nefit the* succ*e‘e‘ding (‘e*re*al <*rops anel do not rc*spoud 
as readily tei uitroge‘ne)US f(*rtilize‘rs. 

It was seieai preived that the* ammonia ami e)thc*r nitrog<*n e-om- 
jxnmels e>f the air which we*re‘ brought elown hy snow ami rain we‘re‘ 
very small anel woulel ac(*e)unt for only a small fnu'tion of the* nitro¬ 
gen rcmeiveel by tlies (*rops. 

Lawes anel (Jilbert fbSor)) re‘aclH*d the* e*om*insion that mm- 
l(*gumine)us plants rexpiire* a supply of some* nitroge*mmH c'eanpeaiml, 
nitrates ami ammemium salts b{*ing about eafually c‘flVc*tive*. 'The* 
amount eif ammemia e>htainaf)lc frean the* atmosphe*re» is insufficient 
for the ne‘.eel e)f crops. Le'guminous plants l>e*have* abnormally. 

They teiok the precaution e>f eiilcining the soil and remioving all 
e)f the ammemia fremi the air iH'forc it was iielmitteal tei the^ ve‘HH«d in 
which the^ ]>hmts we*re grewvn. Tlicir re*Hulis and those* of Bemssiii- 
gault agr(*e fully in pointing to the* com‘hiHion that fVe*e* nitrogen of 
the air was not available! to the plants. The'*H<* eeme'lnsions w'ere 
accepted as decisive for a uiimbcr of yearsi althougli iauc!i evidtmee 
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T>oint(*(l in till* othvr ilin^vtuni. P**! ninl firlil cxiHTinK^iits <‘juTi<‘(i 
mi in Hnjrland. Fniiirr. (ii’riiian:-. ami tin* ! ‘nitrd State's (luring the 
(‘ark’ (ightie^' fiiniiSiek luiiiii tahahh* e\iil(*iH’c that th<' l(‘guin(‘s 
l>oss(*s>(*<i the iKeu'i* of fiiili/iin: atint»^^ 4 ^ 1 ipnc nitrogen. At\vat(‘r s 
(‘xperiiiient*" M ifeiiion lral«*<l flTm. In soiih' of his 

trials tla* nitnrgeii L^ainei! wa oil per mil. or mor<‘ t^f tin* tota.l 
(niantity fio\\e\er. the iii\ .tian was tmi sokaal imlil 

issr> wiitii Heliriege! aii»l Wiltartli aiiiiotunMMl tliat tin* fixation of 
fnM* nitn»gcn I**- a proper!) nl h\ tlie [(‘guines and is (Iu(‘ to 

the' haelerin nsM^rint^d witli tkein in tlie root tulau’eies. 

Early Observations on Eoot Tubercles. 11m* pri'se'uee* of tnh(a*<*l(^ 
on the roots of li'giiiainoii'H pliiiit had long hefort* Ikhui noted hy 
Malpighi. Ih* n^garded llaiii a-^ root galP. Lat(‘r tlu'V vvtTc 
n*garded hudn of ineoiiipleti' phiiif-n or as rudinM*ntary roots. 
In IMiti Woroitiii found in tiiein inifneroiiH minute* liodie*s which bore 
some reMUnhlaiice* to haeieria. llie\ wen* r<H!-slia|H*<i hut ofte'u 
sliglitly fe»rke‘d to “l"’-or 4iap«a! InHiie*:.. On aeeonnt of this 

irr(*gniarit> in shape the di.einI'ffU’ was imalth* to say \vhcth(‘r they 
were trne*lairleria or not. lie, flieretores e*alled tlic*rn haet<‘roids, 
and re*giireh*ei tlieiii a* iIm’ e'ftii''e *e| fhe* 1111(1*1010"'''. In IH/ 1 Ixiie'kson 
feamd that in the f*ark ol‘ fhe d<*\edopinentt <1 the* tnl>erel(‘ it 

wahfilh*d witle loiti:. ieniin'liiiig thrciid . ri'amthling die* niyeedium of 
futtgi, and to fhoHt* li> |4ia* In- af trihiiti**! the formation of the* tedn'r- 
c‘lcs. In Iatf*r ■aago''-. of th«* growfli of tlie fiihe*n*lcs he* found ha,(*- 
ti*roids, hilt niiiihle lo deieriiiiiir mlnUher they had any (‘onnex*- 
tinn with the* lixplia’ eu* laa. 

Frank t |S7!h not oii!\ Hiiiitteil iliaf tiihereloH an* almost, in\mna,bly 
pr(‘scnt on the rotif^ of iegiiiiie-^ hiif that their formation ma.y Ix^ 
pn‘Ve»ntcd h\ tin* >4f*rili/afion of tlir -oil, fie w‘as tlius in fH)Ss<*ssion 
of facts w'liie'li niigiit lia^e rr\is’tl(*d le* iiiin the true nature (»f tin* root 
tnla*rcle*s. liowcier, li** iteei^pfett the inlerpre*!atioii of tiis ]>npil, 
Bnirn'Iilioivn ^vhfi elaiiiieii the Intelrriiidikt* liodie*s, were* mcTcly 
rcseTVc food material''^. 

Xlarsliitll Ward mu on!) pneed linit tii!a*reh* formation is due* to 
ontdde infcctioii hut tliaf mndi infecfioii liia> he* bremght about, hy 
plae'ifig pie*cc"^ of old liibrrele't in eoijfaef with fhe* roots of growing 
h*giiniinoi|s filaiit 

Hcilricgc! ioiiiitl# a’' fla* rt'^niif of a hutg -erie*'' -of e\pcrinH*nl.s, that, 
wlieai |M*a pliinfs mere grown in 4iuili/.eal oa!-* im a rule no tuhc‘rcle*s 
w<*re* fonneeh hut ttlit'ii tlie phtiif''' w i’*re watcrce! witfj soil infusions 
made* hy allowing water fo itrf iipon '■oil in which penisMiad^ hee*n 
grown* the* tnherf'lc’^ aiii-Hs'ireii in iiltiindiiiicc. If the soil inlnsion 
was htcrilized !»> Iwaiiiig heha'i’* it wa'- pnf iifieui tin* plant"* no tula*!- 

c’ics ap|«*nn‘jl. llirsr experiiipiif were fiieairlit to pro\e diat Jhe* 

tiihcrc’lcH W'crc rni!!) eiiiixed to. h - iirj f»rrani un in tin* oil iidu.'ion, 
which were kiil«*d hy laxil. lli** fii!ierc!«“ ooidd not, ili<'re*lore*, he 





292 


SYMBIOTIC NiTROinCX FIX ATI OX 


regarded as uonnal prodiud-s of tlie roots, hut wer(‘. (‘(‘rtainly infec*- 
tions from the soil. In a series of r(\s(‘ar(*lK‘s, uud(‘rta.k(ui with tlui 
assistance of Wilfarth thc^se r(\sults W(a*(‘ thoroughly (‘onfirnu'd. 
They showed that in steriliz(^d soil th(‘ l(‘gume h(‘hav(‘s tlu' sanu^ as 
the non-legume and dies of nitrogen hung(‘r if not supphh'd with 
suitable forms of nitrog<m. VVluui the st(;nliz(Ml soil was inoculatcal 
with fresh soil on which legumes had mafic a normal growth tluw 
then made a vigorous growth in sterilizcnl soil, rmhu* similar 
conditions non-legiiin(^s did not r(‘(‘or(‘r. ''rh(‘ n^c'ovcay of tln^ 

starving legume was found to (‘oin(*id(‘ with th(‘ hnanation of root 
tiil)er(fles. 

Wigand (hS.S?) found that tlu^ tnher(*l(‘s contain(‘d tru(‘ haetfaaa 
and the folh)wing yc^ar th(‘S<‘ w(‘r<‘ obtairunl in [>un* eultun‘s by 
Beijerinck. II(‘ found further that wer(‘ bacteria associahsl 

with aJl tub(Tel<‘s, and aJthough th<‘ bacteria <lilFcn‘d sonunvhat in 
the tubercles of diU'ereiit species of plants, still IIhtc' w<‘n‘ (‘(uiain 
(‘onstant characteristics to be sc‘cm iri thcan all. H(‘, thcu’cfon*, 
regarded the tubercles as th(‘ result of the action of bacteria ami gave 
to the organism i)roducing thc‘ tulxTch^s tlH‘ naim^ o! lUiriUtiH 
r(d'kicol(L Beijerinck regarded tin? so-called ba(‘t<a-f)i<ls of Woronin 
as degenerate forms of the l)acteria-involution forms, which appc‘are<i 
only after the bacteria had lost th<‘ir vigor. In a Iat<'r investigatif>n, 
after isolating the bacteria and k(‘(ping tlunn in pure cultun‘s for 
many months, he was abhf to produce^ tlie tulaTcles at will b\’ inocu¬ 
lating soils in wliich his plants wen* grown with the* pun* cuitun*s of 
the organisms. 

Priizmowski (1X90) })ublished resear<‘hes which <’<mfirnH*d all of 
IlellriegePs results, slummig con(*Iusiv(‘Iy that if sufficient pr(*eau- 
tions wuTe taken to st(‘rilize the soil in which legurnincHis plants were 
grown no tub(‘rcl(*s w<‘re ev(‘r produ(‘(‘d. He* further shc»we<l that 
the tubercles grow on plants d(*veloping both in the light and in tin* 
dark, l)nt an^ larg(*r on plants growing in tie* light; that fliey only 
appear on healthy plants; that there an* vc*ry few on plants growing 
ill well-washed sand; that if plants growing in nterilized soil be* 
watered wuth brook or riv(‘r wat(*r, tnbc*rel(*.s oeaiisiemally develop 
but mwer iu aliundanee*; and that tin* infeetam of the roofs oeeurs 
early in the germination of the plant and cannot tal«‘ place in tin; 
older roots. 

1 \V() yea.rs lat(T S(*hldsiiig and Iaiurt‘ut deimmstrated the fixation 
of atmospheric nitrogen through tint joint activiti«*s of lc*gumimms 
plants and Ikemkmmim radickola by the a<*tnal dimiimtioiud’tlat 
amount of (jhunentary nitrogen in the ineloH<*d afmoHptii»re sur¬ 
rounding th<i jdants. 

^Species..Whedher tin* difl(*rent vari<*ties cd’ li‘gume hiicteria are 

distinct species is a pcTphixing (|iH*stion whi(*h today (‘anno! be 
definitcily answx*r(»d. It is known tliat c«*rtain Ic*gunH.*.s are readily 







iiitVcI.'il iA I'll.' xarH'l;. . uln-n-a uitli aiiulh.T \ :iri<'ly inl’cctioii is 
wiilt aitrKiill> nr nm at ail. Moreover, the s<‘r()- 
lo.rjcalte^I \iel<ie.il.x liitTeiriit ^arietie i - pecjfir. 'I'liese hiets hilVe 
led some oieer\.T'. to eoiimier liie I;, pe. a • <|uite <lisfinet, \vli(‘roiis 
„thers eoiisiiier them a- ■imi.K pli.'.-.iolosrieal \arielies i.t' the same 
eeiieral siweii-. On tie' wlmle, the eoii .eusu< of ojunion at tlu' 
present time -eem- to he (l.Ti.iefih in tau.r of this latter vi(‘\v. 

Some of Ilelh’iejiel'' eviterimepf imliented that haeleria from 
clover eoiihi not iiroilnee tiiherele on luffines ami sorradeila. Simi¬ 
lar results wereohtilimai h> \nl,he ami his a s-.<,eiates, yet they \v<-r<' 
finally led toeoiielmle that the root iu\a-ion of loiinmes iseanse<l hy 
a sinVl'' -pecies, Lonsj-eontinm-tl iiri<uth of the organism on a, 
leymme adapt-it to that legume oil no longer invades (h<-roots oi 
otlier lej^mne-, Unt I’elermann I s'.t;;. conddered if prolmlde that, 
everv pam-of idant ha ■ it peeifie hm toria. Hiddort considered 
that’ali of the or!i:uni-iio are form - .tf li. niilirirnl,i hut Hint the 
haeleria he-t adapted toa i.dM-n -peeie • of leKtiminons idaiit are th<is(> 
natiirallv foiinii «tp‘>n 'Init pliuit. llottcwr, ero,s inoeulnfion is 
iMissihle" within certain limit . From the ntot tnhereles of some 
leKiiminon- plant - la- ohtain.-d ha. t.-ria which -eemed to he very 
highly specialized, hnt he eonmier that this siM-eialh/ution does not 
extend to ditferenee that ma> I.e regarded a - speeifi.v 

Asa re-nlt of a larp- nmuher of experiment- with dillVrent kinds 
(tf lepimes. Man sen and Muller I'.'tfi'i reariied the eonrliision that : 
(I) The orpmi'in- of .Kifuttfi will inoenlale Vidit falui, I'. 

Hiilirii. i-illiMt, /aa.s i.n uh iil>i, J.iithiifun sittinm, L. aihirtilim, 
and L. xih'ixtri.t: "J- that of 'j t if'finiti iiii-iinintuin will inooidati' 
T. jinitnm: ‘■'■'t. fiiat of .t/o/en./o ..-ulim will imxmlate .\I. Iiiinilinii 
ami and I that of InpinuM litlrus will iiioeiilate 

/,. iiiiijti.'itifi’liii-'* and Ih Hilliopti.’i ■•'.itn n.i. '! lie orttani -ms ol PhancoUts 
tnlmirh, 'Sujii /iw/m/.i, am! fminliinirin, aeeordiiif' to 

Maas'cnand Midler, will ap|.arentl;. not inoeiihite any other l>lant. 
Siinilareoneln-ioiis were rear lied reijardini; the organism -.01 (iiniiiilui 
mniiJhiiihiiii'kiixaUun. hdhplh.i ntlmnirln. Sun Ifiiimnii.i unipiiriii.s, 
Aiii'iriihn friiliriixil, ('tirutiuuu fi nit xri iix, nutl .Ir/tc/ri iD/illilutil. 

Delhod . i‘Mi7 I deeTiited a .pesifie ornatd‘til derived In himlroni 
root tnlierele-of i'.fo'iii wide!) poidmes root Iiilierole. and vvliieh 
he claimed is iiiorphoit.j'ieidlx, ldoio},'ie:dl\, and .•ultnrall.x widely 
(litfereiit from lUti tUiix rutin iri In f'eijerinek. 

Nol.he ami eoworker. showed that pure enltiires ol 

iiai'teria from tnhereles id one meinher ol imiitis are edeetive on 
other inemhers of tlie -atm*, and. a - a rale. oiil\ ot the 'itnne melius. 
Tliey found. howeuT, eomplefe interehanKealdlit \ in easi- ol pnas 
and \etrhes and partial in ease >4 Inpitie • and serradella. 

Zilifel (l!)12), with the hope of t!irowii»« Hts'lit ui>on the kinship 
aiunitg the vnriotiH nocliiie haileria, iiiaiie use of the siHttliitination 
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hf tli.'jf flu* iio<luI<‘ ha(*t(‘riii 

;!l!ir jM-tir , hut fiiat di'^ilirl Sp(‘ci(^S 


nH‘tllO'1' 111 

wrrv not \nr\vtiv 

. i . I I • 1 . . i 

Kliiiunrr an^l nu» Ir^ts to 


(lihliimirnli '-ihmii--. 


'riir\ 11 -''1 ^Ip' ion nirthod princi- 


|Kill\ and fonipliiipiit hiiidiiii:and pn^rifa!adori forronfirination a^nd 
control. WurkiiiL^ vdlli oniaiii m- troiii liuhtoon loi^timo sp<‘cics, 
thnv (li\i«lt‘d the hartnia. aoi ordiiii: to thoir iiiolliod., into niiH* 
s|H‘oie^ ^\hiph flie> a-aiiml didmal diarpl\ from oao another. 

Simon did I h’-tod uirloii riiitiire-. upon <d’ sovoral 

l<Mmmr -peeio^ aiai ooinparfil the n-ailt . ttitli those ohtaiiH*d hy 
iisinir Zipfei*' ai^iii^itiiiatioif iiii'tliMd. Ho found that llm results ol 
hotirmeflad^ a;iroe aili faiitiai!} ■ Hi -' uroupini^^ of tlie orKanisins 
in pmrral ai:rroiiioiif ttilh that of Kliiniiier and Krti^nan II(‘ 
(•oneluded. lioweirr. fhaf “tlie roMf haoferia of lepjinos are ratlmr 
to he ooneei\ed a- fiiofo f»r Ir run laiit adaptatof the' s]Ha*i(‘S 
UanUiLs nidtnr hi, 

liiirrill and Haiiaat hd 7 . atfor an e\feiisi\i‘ study (d’ various 
h^uime lairforia wifli tfi*' |«»i--oiiltiiro method a^nd I1 h‘ agar 

test-tulie Iiieflioii of Ihiriiiati, fiiudeil the iiodnl<* orpnauiMits into the 
followiiii: eleuii aMs.rdinv a ?lny an* iiiterehan^’ealdc* For 

the p!irpO""i* of i!it sfiihiiloll: 

< ds Of* I, 


IManiiiioili ri*fi I'lo^er, liihnhuin pnift imiiiuv, 

Aldkis or Smrdidi elou-r, fn.u-^hitm hiihthliiiii, 

C’riimoii eloiet'S 'I i oie»i/. 

Ber eriin or I'dpptiaif «fo^-er, ? uhham ^ilrjuiiulrhunim, 

White ehv^er. 7Vihdiii/e r#/#oi.r 

Zi|4/a*^* or rott f lol.'rr. '! r p'^sloi#e rn* th h m, 


I i|a»l r If. 

While sweet r‘|io,rr, nlhn, 

Yellow 'A%rrt rliisef, Mjffroeili.’n 

Wild udlott Htteef liiiSf-r, antfru, 

Alfa!fin J/#sle#|r/e sslpol. 

AlfalffI, ,l|f ^liern/rf |rllr#|fo, 

Bur e!o\'er, lif,.f|#ole. 

Bliiek or irllow irrffiil. Mtfifrtiip* lupalma. 

7Vp|ori#llri nm^pTfutuM . 

I rliof r Hi. 

rolV|Mil, Viijitii Mi»rnsuf. 

Biirfridgi* 

Beiililitt kijirnp^rn, 

Jltjillft elovrr, Ij'Mpi'flrTj! .ffrinfn. 
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‘^yMHloria 

1 /'/A 

Afuci'-i’ ^'»>d>J'»lla. 

Aea(ia A^ 

' v»» «„;1, 

-flairy Vofr-Ii !/■ ■ y'^^hx'll, p/\i,,„ ,■ 

^p^'i vdi; 

liroacUann V 
NarroJ i ’ ^ 

■Vl.<,„, 6V,V,, \-. 


f'"*« I,™, ,v„ , “"''■ '■'• 

■'S*==£.. 

^'xphwnrpa nunuma. 

Lead nhn, i 
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( iliMi 1' \, 

'I’niilini: wil'l .''Vc,/,//. .x////. Ii,lr,l,i. 

iliud r \I. 

Hln(‘k. nr ruiHiiiHii lufii.t. imfmiuHtnivid, 

Hiltiirr aij*! Stnriiinr arraii|^<Ml t\w tulH*rcl(‘ 

hac*t(iia iiitn ifmiif. fm n-iiii!. tlH-iii. wcIlnh^fiiHal 

niurphnln-ical ami |4imaulni:inal fiitri'fiairrx ihic of tln^sr ^naips 
IS k*’i tm rmllrif^tla au<l the otlna’ 

uiaiar lllif'^ ihlfiiii 11m fi»riiH*r rmuprisf's f In* organisms 

from liipinn % "•.rrratiilla. anti -MUifsiia , wia-rras fla* lattar cM)iiipns<‘S 
all nf tilt* ttflirr . 

Cli rrptfii * liauiik" fmiiHl tlirm* rac'rs of tlu‘ 

ntHliilt*' ItartiTia in f!m aiiif ii<«liiit'. whilr Cliiu cin Ittrs.ni l 11)07) 
rrpnrfrtl tim liiilinu **!' urr4a»i whinli tlillVr in that <»H(‘ limns 
a Inixv hialiim I'oltm} iml i|f*'uli»|iiiiij mill uii hail* jind pafitona 
gilatiii. tin* iitiirr iMrin m itiii* iii*ii-f ram^piirant mlnnias an hi^il* 
‘n'lafim Ha hflirm'-: llntf fim i* lii(ir|liala|^ira!l\, laolo^^ically, 

anil riilfiir;t!i> midfl;. dillrraiit fntiii ftiilirinilfi f Hiljmlncli). 

Cuhm^Ch&mctmiiUm, 11a maliilr harlnria i^nm mill on a Krcai 
\ariam of l■ll!lll^i.l limlm. pmliap ht-4 on a niriliiiiiMir ash-inaltosi*- 
a^ar j'»r our of iiiriitm’ ottfiof f** ha* horn aiiilrd a snK?H% 

ilr\lrfr 4 % 4 |i’ro-.o, or ludui i% am! ili|iofji*-4tnii pliO;.|liafr. 

finiii a^atr fah f pi» al diMp4liriii i‘iilofiir . arr produrrd at ihc‘ 
sinl'arr. wiii!*’ a «ii»i i:riiml!i |iiilo\m. thr liiir of’ t hr nrrdh*. In 
standard hrri hrotli tin* gromtii nf llir iirmniiHiii "dow. Urn I'Hiuid 
iifriiiin**- liotidy, a ^rifc/iiitr rnm i foriiird. and a thin ntrinlmino 
ro\fi*:H ihr iii1a**s Initrr a llotiillmif prrripitafr srftlrs tu^ th(‘ 
holtiiiii ill in* 111 ! IIS III -iamiafi! imrf hrof It i^rlfitin t hr grom til ot^ tlir 
orgaiii III i ■’ »it lifx-i fiiiiiif*i-'-*s|iii|irii anti flirii striififorin. tnlatiii is 
slmd) iiifiirtiril. fin* prorr’'^ v.Hiiirfiiiii*x rrf|iiiriiig tmo or tlirm* nnnitlis 
for roliipirliiili, III grhifilt sliihs tlir grimtll sollirtillH'S srids (ivvr 
tin* Hfali ttilh a *!r*i|rfiiriii grsmlh and liipirliirtioii dors not orrnr. 
On fIn* onhiinm liiltiinil inrdia f In* orgiiiii aii'mlo not shorn an>‘ vrry 
fliantrfrri ti«’ groiifli. llir liiitii riihir dlllrrrnrr lirfwrrn 

\arioii nraiii i tiif rapiilifs'tif ilrsflifpiiiriit. Slight ad!%alinit.v to 

i «o to } .0 iirii! i Fnlirr^s iiifti filiniolplitfiidiin is tolrraltMl; 

lirtliriil to f |0 i’ hr .1. 

1lir n^’nilt X fititaiiirtl hy hVr<l itipi 0ji\rii| oft flrarlv uidiratcal 
tint! llir lioiiiiir iiarfrria from ditlVmit piaiits hrhmr dilirrriitly 
foiiard iirid. 1lirs ftir harfrria Info fi\r gr<iiip*H 

dnfrtipliiig iipoii lliilr nii liii lair-v. to aiid* 

1. f fjli* «i |..|| I *1 5iit*i ittrrf f'lini'l. 

2. O'litiMii |#ii I 7 fiiin fusi inifl o*l<'h. 

:i. i smt rtiim I I Kr4iloo*r nntl »onmifni Iti'iifis. 

I. rf|f|iyil |8|f ’I :| alrl *011 <'t 

4 . < riiP'iil I Si 1 I I Isinin* .a 
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:>()() HYMHIOTK^ XITROCRX hlXAriOS 

“ lUiried (‘olonic's are small and siil)m(‘r^'(‘d, most ire(|uenlly hais, 
or s])iiKl!e-sha])('d, with smooth and (‘Vtaii ed^es. d1ic*y ar(‘ rather 
opacjiie, granular in structuns and in color ar(‘ er(‘am to a chalk 
white. They iiutn'asi^ slowly in size*, (’V(‘ntually apiH^arini^ an tla^ 
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Fiu. 39.—Yoim^ uoclulc, Hhowitac the* hcicirtrduK of fhi* diffiwtitiiitioii c»f tin 

(After Frit^sntcjWMkia 


surface of the agar as surfatn* eoloni(\s, when the growth lH*c*omt*H 
rapid. The lens (*oIonies, how(^v<*r, remairi vinihle for many days in 
the ((enter of the new growtli, 

“Surface (‘olonies originate at or lamr tlie surfin^eH of the agar or 
d(weloj) from l>uri(‘d (‘olonit^s. 'TIhw are droj>-foriin iviit(*r\% ifitic'i- 
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^^YMHlOTia N1TR(HUL\ FIXATIOX 


la^iiious fill a])]H‘anm(*(\ though not always fo tho fouchl, gray- 
white to ]U‘a,rly whiter in color, glistcuiiiig, and scinitranslucent 
to ()})aque. (‘dg(‘s ar(‘ smooth and (‘vmi. I’ndcr th(‘ low powiu* 

the interior is granular, ddaw Fn^rimaitly attain consid(*ral>li‘ size, 
a centimeter or more in diam<‘tcr. 

‘^Plates made din^ct from th(‘ nodnI(‘ lack uniformit} to a marked 
degree. The undiluted |)lat(‘ (first plate) begins to show a few 
colonies in two to four days. Tli(‘S(‘ (*oIoni<‘s become (wtremely 
large in a, very sliort tinuN tlaar rafiid growth being din* to small 
pie(!es of noduh' tissue' or to chimps of liactc'ria i-arricd ctveu* into the 
agar. Jn five or six days nunu'rous colonies begin to make thear 
appearan(*(‘, most of thcan iis subnu'rged (‘olonics, whi<*h !at<*r grow 
to tlu^ surfaces 

‘'The dilution-])late (sc'cond plate*) colonies are* ah\a\s e*xtreme*ly 
slow in greiwth. (h‘ne*rally (*ole)nie*s are* large* e'nough for trunsfe*!* 
in six to lourteen elays, the* j>lat(‘s should not In* dise*arde*d fe»r two <jr 
even thrc'c^ we*e‘ks. 

“The rate of greiwth of (*olonie‘s also vane*s with the* orgaiiiMiLs of 
different ueielules. Amemg the* fast growt'rs are the* organisms from 
pern (Pimm,), ve*tch (Viria), lemtil .swe*et |N*a iLafhi/rtm}, 

bexin (Pham)lNH), lupine ( IjUpittan), wiltl be*an i Straphmtijlrsi, 
(*le)ver (Tr/folimn), swe‘e*t clenuT {MvlilaiuHU alfalfa i Mvdirafpp, 
anel fcnugre*e*k iTrhjonrlla). The* cerganisms appreciably slenve*r in 
growth are those freim the cowpcni iVifjnn), Japan clover f LvHprdrzn p 
tick tivfoil {DcHnuHlmni), aeaeia fJmrm), partridge [mci iPumia], 
false inelige) f UaptiHia), elyc'r’s gr(*e*nwec*el (f/raA/np peanut i Anirhls), 
seiybean (67//c/>a'j, and hog pecimit i Amphirnrpu)P 

Moiphology of the Bacteria. Jli<*y an* bacilli and whe*n fulbgrown 
yaryinkmgth from 1 to 4 or It is not imeomimm to find themi 
frean 0.5 tei O.Og wiele* and from 2 to Pg long and some ha\'e been 
femuel to measure only 0. bSg wide aiiel O.Og long. The* baeilli pr<*vail 
in the young nodule*, whe‘n*as the* hranelie.d forms or bar'feroids 
predominate in the* olde‘r struc'ture. In the eowfiea ncNliile^ Biirrill 
frecpiently found large elulKshapecl haeti'nids. tlamgh the braiieheci 
forms W(‘r(* not so nume'rous. 4 he* haeferoids are best denuai- 
strated wh(*n the yoimg nealule* is just bi'ginniiig fee shm a rceldtsh 
int(‘rior. At this stage* the* (‘haraefe‘risfie ,r and // forms oec*iir in 
great numb(*r and slmw eonside*rable‘ vac'iaJafion and iincveimess in 
staining, (‘sp<‘eially wh(‘n stained with c*arboMiiehsin. 

In the* olej, d(*eompo.sing noelnie* the* bac*fe*niiels are* <*xtremel\’ 
vae*uoIatexI aiiel ghost-like*, sliowing small, ova!, <le*cfKsfiiiiiing bodices 
wdthin. 1 he? inf(*re*ne'e* is that tlie^se* bodies are meetile* swarnierH 
which later }re*e theinse!ve*s from the* ghost-like c'apsii!f*s, rather than 
hud ofl, as has lacm eleserihed hy some write*rs. Fref|iu‘iitlv tin* 
swollen rods haveyi headed appe'araiicc* with imstaiiieel bands or 
areas. A few motile rods may .sometimes Hee*ii in Iiaiiging drops 
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in thisNtagr. am! M»inrta is stn^ii to oscillates as though 

swung alHHit h\ ^ouir |>ro|n*IIing force* in onc^ <*n<l. Division of the 
l)acteroicK into lairilli, by Dawsou, uuiy also occur. 

* “Whtui fimt liatcti out. lla* loiiag rolonit*s consist of small rods 
which show c(Uiddcrab!<‘ uiriatioii in hmgtln No hacteriods are 
pr(‘S(‘nt, though the rod> arc Hometimes slightly (iul)“sha]>c(l and 
sometimes show \-aruohition. However, they n<»v(*r attain the size 
of hactcroid^. With frci|iiciit traiHtVrs th(‘ rods become quite 
uniform in size and ^4aiii dec|iK and f‘vciily, es|H*cia,lly with anilin- 
gi'utian violet. 

‘Hu ver\" old culture‘s 5 three months cm ash agar, without transrer) 
thi‘ smalh'ova! >\\ariiieiN and the* normal rods |>r(‘dominate, though 
a few ciuh-diaped and a few hranehed baetenuds arc* found. The 
lmete^mI^ produecd iifaui aiiifieial nu’dia an* n(*v<*r so large nor so 
uunuTous an those hoch in iiioiint-^ din*et from a young nodule. 

“Staining. Tlie orgaimun'^ do not stain wc*ll with - ordinary 
aniline staiie. ^ ‘arbtibfuetedn and atiiIinc*”g(*ntian-violet (used 
steamiiigi are the most sati4'ac*tor\ staiins. Though c*arl)ol- 
fuehsiii was pridi-rreih iiiiiliii«gentiaii“vioh‘t stains were always 
used as checks. hc*eaii-e ihe former stain a<*cc*nts the^vacuolated 
ap|M‘antiiee, particularly in baeferoids. (’arbolduchsin is (*s‘[)ecially 
useful in staining baf'fenh!--.. din^’t from tin* noclulc* and also^old 
agar cmlturcs, Kthalt’- aiiiyl-tfram stain, dc^scribcal by Harrison 
and linrlow'* is tnidii! -diief* fbi* amyl alcohol <‘lc*ars u]> the held, 
leaving the hacleriii siaiiii*ib though not so intc*nst*ly. stain, 

liowevf*r, should i»»t eoii-idercd a incuins oi idemtifying Ps\ 
rad i t trait t. 

^ ^ 




Flii, II. ' li'-iMir,'tsi*l»>f viii'Holc.-i. (Afirr Whitinf?).^ 


“Bacteroids. Wliilf rnitirifuln pnMiiH'cs no si>or(‘S, it. produces 
ImctiToids which !trc u-r.'. r\idciif l.v more resistant than the uorinal 
rolls. rnfavorahleeunditionH, such as urisnitahle media, inhrequent 
tnuisi'er, or addition of catrein to the medimij, ean.se their appear- 
iiiiec. Thisis iiiucrord wiflt vi.!iaf fakes place ni tin- nodule. .Ypy 
OTowiiiK '\heii dcMdopmcnf is most riipiil. the liaeteroul.s are 

at their utaximiim: they euahle the orj'anisms to innltii> y rapu y 
in spite of the resistaiier otliTed h,\ the pliiiif ia.ns i.riu 

favornhle ini'iiia from tliis stage the normal uiulorm )<i.< i i ai^ 
produeed. The hm-feroid then must, la- regardial as a uonnal ana 
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ii very necessary sta|i;(‘ in tlu‘ litV of 11 h* nr^^anism. Its sii^^iiifieanre 
in th(‘ a.(*tual fixation of ni1rog(‘iu hovvc‘ver, is pun* sfHM'nlation/’ 

The orga,i)isins an* aetiv(*ly motile* and \vlH*n vi<*\ve‘(l niHlor the 
mi(*r()S(‘()])e may he* s<‘(‘n darting aixait with amazing rapidity, now 
tumbling (‘nd ov(*r (‘nd, now spinning vioI(*ntly on the* slu>rt axis 
and them sw(‘(*ping across the* fi(*Id in a darting, j<*rking c*ours(*. 
Tliey (‘oiitain from (i to 20 {lag<‘lla. Ola* number and eliNtributiem 
of th(^ flagelhi are variously giv(‘n by tlH‘diHVn*nt inv<*stigators <lue 
])rol)a])ly to (*ith(‘r variation in organisms or to the diflieulty with 
whi(‘h flag(‘lla is d(*monstrat(*d owirig to the* gum en* slime* prodin*ed 
by the organism. 

Mode of Entrance into Host. Thn nu'thod of inoeulation and the* 
growth of the* noduh* is d<*scrib(‘d as follows by Whiting: 

“ As the* tip of the* root hair of the* h‘gum(* jmshes itM*lf <»ut into the* 
soil, it cha.nc(‘S to conu* into intimate* e'onta<*t with the* eu'ganism, 
IL nidirirola. Se>nH* scie‘ntists have* e‘Xploite*<l the* \’i«‘W that the* 
e)rga.nism is attrae‘te‘el to the* plant by e*he‘me»ta\is, be‘li<‘ving that the* 
plant e‘xe‘r(*te‘s a substane*e‘, pre)bably a e*arlH)h\'<Irate*, wliie*li difl’us(*s 
into the seal se)lutie)n and attracts the* medile* organi'^m. While it 
has bee*u rath(‘r elefinite*ly shenvn tluit this organism fa’ogre.sse*s in 
the se)il at arnpiel rate, neve*rthele*ss the* numhc*r of reiot hair> iiife*eie*d 
is too small te) lenel su])port te) a ('heanotaelie* tlieaan. IIcnve\<*r tlie* 
case may l)e*, the e)rganisms cluste*r at the* tip ed’ the* hair and by 
means e)f an enzyme {or otherwise*) rapidly dissolve* the* <*e‘llule>M* of 
the cedi wall, thus emabliag the* organism to e*nte*r the* read hair. As 
a re^sult, the*re is a ek*ciel(*el beneling of the* tip, causing it to re*se»inhk* 
a shed>h(Td’s cre)e)k. This was e*arly edhserveal as a sign ed’ ceimple*te‘ 
infectie)n. It is (‘lairncd that othe*r read Iiairs wliie‘h form afte*r iidVe*- 
tie)n are immune^ to the attack ed’ edher Ie*gnmiuoiis biie1e*ria. 

“The e)rganisms, I)y ra'pie! elivision ami gremih, advama* thremgli 
the (‘(uiteT of the infe(‘te*el roed liair. Frazmem’ski feaind organisms 
in the^ (*ell sap and e*ven in the* e*pid(*rniis only tWfHlii\’s aftiT inex‘iila- 
tion. In this advan(*e an infe*etion strand (lidVktiofKsch!auclie*i is 
fe)rme(l, which consists o! ge*latinouH material, nml in the* e*arl!e*r 
stag(\s of development this strand may 1 h* tnice*el from the* read hair 
into the innc*r tissue of the root anel from ce*II io eadl fhroiigheail thet 
nodule. This infeeding strand is ned. sup}HiHeal to eemstitiite* a 
portion of the living tissue, nor is it a wedkle*fim*d tuhe*; but, as Freal 
has recently shown, it consists of a large* niimbe*r of zoe)gle*a oea*tirring 
adjacemt to one anothe*r, in which se*parate* hae*te‘riii earn be dintin- 
guisheal. The infecting strand branclie*H profuHe‘ly and it was tins 
haf)it of gremdii which (*aused tlie e‘arly inv(*stigatorH to eamside*!* it 
the my(a*linm of a fungous growth. 

“Growth of the Nodule. Tlie pre‘He*nea* of H, mdinnda in the* 
tissue*H of the roed; eausexs a rapid ea*ll division in the* p<*ri<*ye'Ie*. 
These exdls b(*eome larger auel contain morn pnd.e»|>lasni than the* 













RKI,AT!0\Si!JI* TO If(hST 


:]()5 

surroinidiiiK uh urawlh fakrs pliice t !h‘ cort ical [>an‘n<*hyrna. 

and <‘]>id(‘rnii'^ arn furrrd outward* fims fnnnin^^ a. n(>did(‘. 
growth of thn nadiiln i*' apirah din* varitar^ fissiH'S (*(»innion t-o ih(‘, 
plant, arc* ]>n*>oiit. In thv rnntrai portiuri (»f tin* nodule* is the; so- 
called hact(*nadal wliieii oclin\ flc‘sh, or gray in c'olor, 

according tee tin* age of tin* iiotiiilc. and in this portion the* inlVcd.ing 
strand (lidektion-Nchlanchfo di.^fingtii^died in the* young nodule*. 
It ramifies throughout tlic cf!l-% causing tln^se* which it (‘nt(*rs to 
lose th(‘ir ]>owcr of c*cll diu’don Inif not of gnnvth. Lat(‘r, or in 
oldc*r nodulc^s, the* iiifcc-ting Hfraiid i*. not \ isihlc, and the* hact(‘roida.l 
tissue* los(‘S its firinii<*'-s. At tlic pcriotl when see*d huauatiou is a.t 
its lu‘ight, most of the liodiiic^ nrv 'aifi, ainl t he* int<*rnal tissu(‘s slough 
otr, leaving the* nmre* rc'"^i:‘4;tiif cpieicrnial tisnue* a ni(‘re* sh(*Ih whi<*h 
later <!(‘eays, dlic euidiiniiici* e*f the ncnfide* <h‘pe‘nds upon s(*ve‘ral 
factors, (‘hiedly, fartvincr, iiptin the* kiitel eef le^gume* plant on whie*h 
it is ]>ro(hic«*«i and flic inaal of nitrogen hy that plant. 

PitTC'c* eauiddeUN the* iiodiile*H an eiHgiitating (‘ndogeaiously from 
thei same layer eef e*cll-» lo the lafei’al roots, anel as he'ing morpho¬ 
logically similar to fhenii; Inmincr. as tin* late*ral roots rufiture* the* 
(‘pidermis tin* ahef\c Mtafiiiieiit in ii«u eaitircl\' in ac<’<»rd with what 
a<*tually take*'^ place. 

‘‘din* nodtilio arc hirgcHf uuti iini4 nmiicnnis wlieua* ‘‘aehadion is 
h(*st in the^ ><nl. In Mufiirnlrd -oiln flte\ oe’cur at tin* surface* and 
arc* ofteui feaind e'oloreal grci*iu siiiiifar to sunhurneMl f)otat(K‘S. 

Xodulcsforiii in sohitioiiH, and e\cc|UioiialIy well ine*e*rtain mitricmt 
solutiems. r^evcral infcrcsiitig inaiiitcc'^ lua’c* been hreaight to the* 
attention of the* hApcriiiiciif Sfiifioii. in which the* e»lKse*rv(*rs h(‘iie‘vc*d 
tliat the* nodules hiid grown afifin* flie^ greiiiud. dlH*H<* pe*(‘uliarit.ie*s 
wc*r(* tmelouhteelly enured hy liiiohscrvce! pliydeal conelitions o(*e‘ur- 
riiig at the* lime of iiifV*ctioii ta* nfliTOard.** 

Relationship to Host, Even loiliiy the relationship he*(wee*n /^v. 
radirkola ami itshiwt is a iiiiiotcd Some* ant horse^Iaim that 

the?y ant true parii'Hitcs fiitil that t!i«* relationship l)c*twe*e*n the^ 
tubercle* c^rgutiisiiiH iind tlicir iifc4 phiiif^ is that e>f twee ccuite*uding 
parti(*s and the bacteria draw' uu tfi«* nitrogen ed' flu* mr in tluar 
e*n(Ieavor to iiisikc up tlir deficiciicy of iiitncgcianis Hubst,ancc‘H which 
have* l)c*en tiiken from tlicin ti\ thi* phuif. M<»rcovf*r, nuandadiem 
(JxperimentH ciciiiomfriited tliitf 1*m, rra/icico/er clauses a. ea*rtain 
resistane^e* siitiiliir to flint prof!iicf*d iw an organism in c*om!uitiiig a 
true parasite*. 

IliltruT IiiiH given till* 4\ folloiving coiiclitiofin as in:Htiuu*e*s in whie*h 
immunity deiiio»HtriitrH iPwif: 

!. Tlie* i^itiiiio! get into the plant. 

2. The orgniiisiiiH gain fifliiii'-dieii into flu* pliint, but do not pro¬ 
duce noduIcN hceiiiw the plitiil, by its greater reHistaiu’c, abseirlKH 

the* l)acte*riin 

W 



30(5 


BYMBlOTia NITROGEN FIXATION 


3. Tlic organisms enter th(‘ plant and ]>rodtK*(‘ nodnI(*s, hut no 
fixation of nitrogen oc(*urs. 

4. The organisms enter, ]>ro(luee nodules, and nitrogen is fixe^d 
and assimilated by the plant. 

5. The organisms are so ellieieait in eomparisem with tin* plant 
that the latter is injured. 

(). The organisms are ])arasitie and th(‘ plant is actually killed. 

Certain products which are* produc(‘d by the* invading organism in 
eonneedion with the* host have l)e(*n taken as e*vide*nce‘ of the* parasitic 
nature e)f the bact(*ria, whereas o1hc*rs ce)nside‘r the* neHluIc* which 
fe)rms on the^ l(‘guine* re)e)t a ressult e)f irritation due* te> a parasite*. 
(irieg-Smith, he)wever, ce)nsiel(‘rs the* forniation of re»ot tube*rcle*s ne)t 
as a iTsult of irritating j)arasiti(‘ aelion btit rathe*r as the* consc*(|U(‘ne*e* 
of the* pre)elu(*tion of nutrients at tliat place* re*sulting in lK*tte*r 
ne)iirishme‘nt anel gre)wth of the* (*ells tlnm in othe*r parts of the* roe4s. 

Fuhrmann ce)nsiders that the fixation e)f atniospluTie* nitroge*n 
by the re)e)t-tube*re*le organisms b(‘gins wht*!i the* f)act(*re>ids liave* 
reach(Ml a stage*. whe‘n tlu*y are e*ejle)re*el brown-re‘ei !»y addition of 
tincture e)f iodine. This e)ccurs e)nly wh(*n the* eirganisms are* fe*(‘eling 
alnu>st ex(*lusive*ly upon e'arlH)hydrate*s and the* availal^Ic* nitroge*!! 
(*ompe)unels have b(*e*n almost e*emiple‘te*ly e‘xhauste‘el. Many 
we)rke‘rs ])refe*r te) (*all the relationship up until tliis stage* a true* 
I)arasitic and late*r a true* mutual symbie^sis. 

By careful staining Fre‘el was able* te) ele‘me)nstrate* tlie* e*nte*ring e)f 
the bacteria through the re)e)t hairs, imnH*eliate*iy afte*r winch a 
tuher(*le starteel te) fe)rm. A se*ri(*s of se*e*tions .showe*d that mitosis 
ge)(*s e)n ire the* ne)elule‘s much the* same* as it doe*s in di.se*ase*d tissue* e)f 
animals. The mite>tic figure‘S are* large*r, ve*ry irre*gulai% and not we*ll 
mark(‘el anel have* an une*ve*n nmnbe*r e)f cliromosemnss. In the* 
neerinal re)e)ts the* rniteetie- figure*s are* abe)Ut one‘-.sixth as large*, ve*ry 
(‘lean*, anel the* chrome)se)ine*s in nume*re)us pairs. This he* <'onsi<Ie‘rs 
be‘ars erut the* tlwerry that the le‘gunie* ba(’te*ria are* symbiotic parasite‘s 
e)f the plant. 

If we acce*pt Whiting’s elefinition e)f mutual symbiosis “as the* 
(’e)ntigue)us asserciation e)f two err merre* morphologically distirret 
errganisms nert erf the* same* kind, re*sulting in an acffiiisition of 
assimilate*el foerel substan(*e*s which impliess tfiat the* errganisms cern- 
cerrmd have* the* povve*!- erf inele*pe‘rHlent (‘xistemce*, but thait both are 
be*ne*fite*el by the* close* asserciatiern,” we* must concluele* that all the* 
eviele*nce* be*ars out the* iele*a that the* reTitiernship e-xisting lH*twe‘e*n 
Ps, radiciaola anel le*gum(*s is ouet of mutual symbiosis. 

Mecliaiiism of Fbeation (Metabolism). -For a long time! it was 
beTeivenl tliat the! nitrogen fixcid Iry k*gume bae(e*ria and assimilate*d 
by the ])lant was obtained thremgh the I(mve*.s. The* organisms on 
the roots weTO C'ernsidcTed to in some way stimulate* the plant ser that 
it possessed the power to assimilate! nitrogen. Sterklasa e*onside*ree! 
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that amids were first formed and that these migrated to the nodules, 
reacted with glucose and produced protein which served as the 
nutrient medium for the bacteria. In this connection he advanced 
the idea that the bacteria produced an enzyme which enabled the 
plant to fix the nitrogen. This theory, however, w^as shown to be 
untenable by Whiting who grew soybeans and cowpeas under careful 
control conditions. One lot received a definite proportion of oxygen, 
and carbon dioxid, a second oxygen and carbon dioxid, while a third 
received ordinary air. He found that these plants utilize atmos¬ 
pheric nitrogen through their roots and not through their leaves- 

Nobbe and Hiltner (1893) considered the root tubercles to be the 
parts of the leguminous plants where the free nitrogen is assimilated 
and that the direct agents of the assimilation are the bacteroids and 
not the bacteria themselves. As to the metabolism of the nitrogen 
by these bacteroids the ideas at present are very indefinite. Loew 
and Aso (1908) suggested that ammonium nitrite was the first 
compound produced, the nitrous acid being readily reduced to 
ammonia. 

Gautier and Drouin considered that the nitrogen is oxidized to 
nitrous and nitric acids, whereas Winogradsky has advanced the idea 
that the free nitrogen in the plasma of the organism may unite with 
nascent hydrogen and form ammonia which by oxidation ‘would 
become assimilable. 

Gerlach and Vogel concluded that there is a direct union of free 
nitrogen with some organic compound inside the bacterial cell. 
Heinze thinks it probable that nitrogen is at once brought into 
combination "with a carbohydrate (glycogen) and suggests that a 
salt of carbonic acid may be formed first, or that carbonic acid may 
be produced from cyanamid. All of these theories, however, are 
purely speculative as there is little experimental evidence on the 
subject. 

It is in keeping with our knowledge of bacteria to assume that 
the changes are catalyzed by enzymes produced by the bacteria, 
and Hiltner reported the findings of a substance which is produced 
by the legume bacteria which can dissolve the cell wall and root 
hairs. Yet Beijerinck claims that no enzyme has been found which 
attacks starch, cellulose, or saccharose. No true proteolytic enzyme 
has been reported, but Benjamin has reported the presence of urease 
in the nodules of various legumes. This enzyme is, however, found 
quite generally in plants and may have come from the host and not 
the bacteria. Fred, although unable to detect a proteolytic enzyme, 
has obtained evidence of the presence of oxidases in the slime of 
various legume bacteria. 

There are two main suppositions regarding the assimilation of the 
nitrogen by the plant as follows: (1) That the bacteroids are bodily 
absorbed by the plant fluids; and (2) that the bacteroids, by some 
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sort of change, ])ro(luce the sul)staiic(^ contaiuiag tlu^ assiinilahk* 
nitrogen which the ])Iant used. 

There appears to he considcTahh' (n'i(l(‘n(*(^ in favor of this second 
theory. Stefan, thinks that, the transfer* of th(^ assimilable nitrogen 
from the organism to th(‘ host ])lants follows the ordinary ]>hysical 
laws of osmosis, and (Jolding has (‘ondneted some very interesting 
experiments on the removal of the prodnets of growth in tin* assimila¬ 
tion by nitrogen by legumes baetc^ria. lie r(*asonc‘d that th(^ plant 
p]ayc(l an important role in tin* removal of the products prodacen! by 
bacteria in the nodules asidi^ from tfici mer(‘ furnishing of suitable 
food. He used a porous (’hamberland filbT eandhi plae(sl in a 
culture vessel to serve to imitate natural <*onditions. parts of 

the plants used in som<^ of his c‘X])erim(mts were! sterilized in order to 
avoid the }>ossibility of ])lant (‘nzyrnc* action. As a result of his 
method of experimentation he obtaincal a much grciitcu’ fixation of 
nitrogen than other experimenters had obtained. He com*luded that 
the plant plays a part in the rcunoval of solubh^ prodinds of growth, 
thus permitting a rnorc^ rapid reaction than when* tin* products 
accumulate. 

The results of (folding’s most exte.nsive exp(‘rim(*ut are sum¬ 
marized as follows: 

NIfrfitgr'i'i ill 


500.0 gms. of atenis and leaves. 2.Sflf» 

20.2 gam. of roots and nodnIcH ((ante fre«h) . . . . 0.004 

3000.0 ammonia-free diHtilled water . . , . 0.O0CI 

Total mtrogem to start with . . , 2.050 

2870.0 c.c. filtrates and drainingH.. ,0.73! 

5f}0.2 gms. wet residue - ....... , .2.570 

Total nitrogen after experiment . . , 3,301 

Total gain of nitrogen during (?xperim<‘nt ..... 0.342 


Attempts have been madc^ to obtain an insight intthe transforma¬ 
tion going on in the noduh^s by various analyses, '’rin^se have b(*c*n 
summarized by Whitiug as follows: 

‘^Chemical-"The chemical comiH>sition of lcgumc*H from tlie 
standpoint of their nitrogenous constituents has been investigated 
to some extent, but the studies closely relatcnl to this point are 
relatively few. The following data are very gcmeral in c*hariicter 
and relate to studies eonccTuing the total nitrogen c‘ontent of tfie 
different parts of legumes at different periods of grcmdii. Studies 
upon some of the various nitrogenous compounds are also in(‘Iu<h‘d. 

‘Hn 1895 vStoklasa, working wdth lupines {Inipinm Intern and L, 
angustifoliw), found that the nodules were rieliest in the ek*im*nt 
nitrogen at the time of blooming, while! tlie roots appeared to bc! 
richest in that elermmt at the fruiting period. His results are giv(*n 
in Table I. The figures for the nodules indicate the nitrogi*n is 
either taken up by the plant for seed production or diffused into the 
soil 
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TABLK I." TOTAL MTHOOLX I\ Li ITM S U TKI-S: RKSOi/FS OBTAJNKI) 
Bv s'i'oiiL\s\. U'l.Ln f)\ ouv basis). 


lAriofl. 

Bonfvi. 

NtMiuLii 


I in 

A. 2U 

I'Anitiiifr, 

l M 

2. B I 

MaOirity . 

I 42 

1. 7:i 


“Htoklasa also dotoriiiiiiiai iirotoiii, lunicls, aiul aspn.ra.^iu in 
lupine iuhIuIos. 'llio proltiii olputnod hy fho Siufzor na^thod, 
the ainitlsln' the Kjelilahl metliod.^aiici the asparai^nu hy oahtula- 
ticjnfnun tlieainiiioiiia ohtjiiiieii ti\ clisf ilhdion with inai^iKtHiuni oxid. 
Table II shows his results. 

TABLE IL -NITHOOLV f’0\ll‘0l \I>h I\ LITUXK XOOUIvLS; ItKSUI/rS 

(urrMXF.o BY Krf>KLis\. M»Lia*i*:\i‘A«;K ox i>iiv basis). 

Periiwi. A«iidf4. Aispara^icin. 

Blo.MhoiniijK . ... a, BA U.aT 

ALiltirily . * B LA 'Lrar** 

Tint prf‘senci‘ of aspiiragiii ifi the iiialule is iiaportaiif, a.s it is 
thought to he intiiiuitely relatiil with the fonuntion c?f protinn. 

“In I!M)I Was.dlieir .'ifudiefi tfie itiln^gefi eoinpoumls in whit(5 
lupine (Lupinm iitfmi seeds ami seedlings, lie found that the^ s(Hids 
(!ontainefl 7.liH per eenf. tif tfitid nitrogen; and that of this, r>.Sl) ]ku’ 
eent.wasiii tlieforiiiof protiiii pereenh wax preeipiiated hy 

phospliotungstie iieah leaving n diflVreiier of (I2r> per eent., aspara- 
gin. The oc’ciirrenee of aspanigiii in large anionnlH in seed¬ 
lings is shown hy the diifii given in Tahh* III* 

TABLE IIL—NITIiOltLX (HilUHH \m IX ForTtrEEX DAY OLD <JHKKN 
HKEDLIXOH l>E WTIITL LI BIXLs: IlLHf.'LTH OBTAIXFm BY 
WAHHILIEFF tFXITCFHHFfl IV eKICCn-ATAfJE 0\ BUY BASIH). 


e.T A * 'Botul 


Bart* 

aiiywipit 



iytrfw*ri. 


fl /i:i 

1 ir» 

1 II 

n . 57 

(Titylftilfiite 


:fs:i 

2.41 

7. KB 

Steiiifi . 

fl 12 

1 AT 

I . fit) 

B.77 

Hdofii . 

fl 4fl 

2 2il 

l,H7 

5.40 


WaHHilieir uIho deiiicinstriiieil the presene'e of hniein and iyrosin 
in the <*otykfdoiiH of mie-ivrek-oki si*f*dlifigH of \vliite IiipiiatH. dlieHij 
and other aiiiino-iieids wmiild he rvpeeted ti> he present when thcj 
protein of the S4.!ed in hriTtkiitg lioirii hir the iiiif ritioii of the seedling. 

“Kmsely iiniilyzed the leaveH, jaiils, steiiiH, roots, iiml nodnk‘H 
ot lupine plants for lotiil iiifrogeit itf tliree distiiiet pfuiods of devidofn 
ment His rtsults slioiv hettrr lltiiii the ofhiTs preHeiileil wherit the 
nitrogcni aceiiiniilfititH m the fiiiint iiiiifiires. 
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TAHLK IV. TOTAL NITROOLN' i jsj- XrUPINES: RESULTS OBTAINED BY 


KNISKLV. (EXPRKSSKI) IM 


l^^riod. LctavoK. 

Full hlootri . , . 4.02 

Po(1h w(‘ll foriucd . . IF 70 

Pods vt*ry . . •'L4I 


t^KlRCENTAGE ON DRY BASIS). 


3?ods. 

Stems. 

Roots. 

Nodules. 

3.07 

1.15 

0.92 

5.17 

3. 38 

0.88 

0.83 

3.29 

3.68 

0.90 

0.66 

3.70 


Sehulz(‘ and Barl>i(Ti oxairiix^iod lupine and soybean seeds and 
sc(‘(lliuKS for nitroKou and obtjiiriod the results shown in Table V. 


TABLK V. NITIRKILN IN' LFPINK yVlNTX) SOYBEAN SEEDS AND SEEDLINGS: 
KFSIILTS OirrAINEI) BY IL C rx^^-E AND BARBIERI (EXPRESSED 

IN pkr<:kntac;x:: on dry basis). 


Mafc'rinl. 

TotsU 

Protein. 

P.T.A. 

nitrogen. 

Filtrates 
from P.T.A. 

Lflpinc H('(*(l.s .... 

H.u;i 

8.17 

0.24 

0.22 

Soylx'ans ..... 

6.7:$. 

6.32 

0.13 

0.28 

Lupinr* dark HciHlliiigH, 

(4(;v(*n to t\v'(4vc‘ da.VKoId 

H).U4 

3.40 

1.60 

5.64 

Ltipiia* dark WM'illiaKh 

tw(4v(‘ dii.VH old 

10..T I 

2.33 

2.17 

6.01 

Soybean WMRllingH fiftoou 

(layH old .... 

7.4 i> 

3.86 

0.56 

3.00 

'Thc^y also fumid a large aixiouLnt of asparagin in both 

the lupine 


and the soyliean secHllings. 

‘SS('hul7.e has inadt^ a (*arefiil s1:iidy of the compounds in plants, 
and has forinulatixl tlu^ hypotilxesis that the same decomposition 
products arise from protisn in t ho plant as outside it, but that in the 
plant the (tompoimds an^ furth^AX xtl'tered, thereby affecting in varying 
degree th(i individual produc»t:s of the hydrolytic decomposition. 
A com])arison of the* analyses <>F i>e^ seedlings one week old and those 
three weeks old sliow tlu^ folio wirxg differences: 

Lfiiirin. 'X'yTrosili. Arginin. Asparagin. 

I wutjk . . . Aliuiuliuit X-/ittle Present Absent. 

w<H*kH . . . Much IcHM .y\.T>sent Almost absent Very abundant. 

Arginin and lunidn-acid.s wt-re shown to be present in the lupine 
cotyledons, but asparagin was sxlr>sent, although the latter substance 
was found in th(( stern of the jstjeciling. It has been suggested that 
the occurnuiecr of as]>aragiii iw associated Avith the disappearance 
of iunido-acids and not of p>ro'tein. Phenylalanin, tyrosine, and 
tryptojduun; havr* bewr rejKrrf.etl in the white lupine {Lupinus alba), 
tyrosii) and trypto])han(; in vetoli {Vida satim), and tryptophane 
in the garden pea (rimm mtitrtcnTV). 

“Smith and Robinson found 4-19 per cent, of nitrogen in soybean 
irodules and jmr r-ent. in cjowpea nodules. They observed that 
inoculation inerriused the protein content of soybean plants without 
increasing the yiehl of beantJ- This has been noted by other 
experirneuters. 
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''Hopkins has reported the analyses of cowpea plants for total 
nitrogen with and without inoculation. The nodules, root, and tops 
were analyzed separately, as will be seen by reference to Table VI. 

TABLE VI.—NITROGEN FIXATION BY COWPEAS: RESULTS OBTAINED 


BY HOPKINS. 

(EXPRESSED IN 

MGS.) 






Nitrogen 

Treatment. 

Tops. 

Roots. 

Nodules. 

fixed. 

Ten. plants with bacteria . 

. 146 

9 

11 

125 

Ten plants without bacteria . 

. 38 

3 



Ten plants with bacteria . 

. 171 

10 

18 

140 

Ten plants without bacteria . 

55 

4 



Ten plants with bacteria . 

. 143 

8 

17 

124 

Ten plants without bacteria . 

40 

4 




The inoculated plants contained a much greater percentage of 
nitrogen than the uninoculated, the average content of the inoculated 
being 4.24 per cent, in the tops, 1.48 per cent, in the roots, and 5.92 
per cent, in the nodules, while the average content of the uninoculated 
was 2.48 per cent, in the tops and 0.88 per cent, in the roots. 

"The ash and the ash constituents of the nodules and the roots 
of lupines have been determined by Stoklasa, as presented in 
Table VII. The total ash of the nodules was found to be 6.32 per 
cent., while that of the roots was found to be 4.55 per cent. 

TABLE VII.—ASH CONSTITUENTS IN LUPINE NODULES AND ROOTS: 
RESULTS OBTAINED BY STOKLASA. (EXPRESSED IN PERCENTAGE.) 


Constituents. Nodules. Roots. 

Si.1.59 1.90 

S. 4.90 6.38 

P.6.51 4.28 

K.17.31 12.05 

Na.16.94 19.94 

Mg.7.41 7.05 

Ca.7.64 12.04 

Fe. 0.83 0.75 


"The analyses of red-clover nodules show a potassium content 
of 2.63 per cent, in the dry matter. The nodules, therefore, are 
relatively rich in mineral elements as well as nitrogen compounds; 
and Stoklasa’s results (See Table VII) show that the chief diffei'ences 
between the roots and the nodules in the composition of the ash 
constituents are in phosphorus, potassium, calcium, and sodium. 
The nodules are richer in the first two elements and the roots in the 
latter two. 

" In brief, the chemical data which have been considered, although 
small in amount, show the relative richness in nitrogen of the 
nodule as compared with other parts of the plant. They point to 
the accumulation of nitrogen in the seeds, at the expense of the other 
parts, as the plant matures. That the nitrogen exists in the form 
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of protein, asparagin, and other solubles forms, is also f‘lear. 31ie 
presence of various alipliatic and oarboeyelie amino-a<id.H has iH‘ei{ 
mentioned.” 

Sources of Energy.- - Under natural (conditions tin* hc^nna* iKictcria 
undoubtedly obtain th(^ en(‘.r|j:y r(‘(juin‘d for th(‘ (‘ndot!u‘niii<‘ reaction 
which they catalyze from the plant <*arI)ohydrat(‘s. ft has lc»n^ !ic<*n 
known that decoctions of the I(‘giim<‘S mak(‘stlu* lies! nu‘dia on wliicli 
to grow these organisins. dVm]>le found that ilw pn*Nencf* of 
ground alfalfa causcal a rapid niidtiplieatiou of tin* organisUH (*if Iht 
in solution or in soil (Irieg-Smith found d(‘xtros<\ levuloxn >ac- 
charose, maltose, and mannite to furnish a good source (»f carlam for 
the organisms, but lactose was a very ]K)or nutricuit. dVinplc humd 
saccharose and dextrose sujxTior tola(*tosc% wh(T(‘ashe found h*vufosc 
wholly unsiiited to tluar ikhhIs. 

No one so far has adtemptcxl to nu^asunc their (‘uergy na|uircmcnts 
when growing under their natural .symbioti(‘ ('midifion. Fred lias 
studied tlieir growth a])art from flu* host plant and huind that when 
considered })er unit of earhohydratc* (‘onsumed the If*gume haetcria 
fix as much or more nitrogen tlian Aznitthuakr, 

Aeration." The k'gunu! hachTia are all aerobic and the ikhIiiIch 
on the roots of the plants an* usually ni‘ar tin* surface. Althoiigfi 
nodules will form on plants grown in watcu* lidturcs. yet they an* 
not as large and aedive? as wlam grown in a well a(Tat(*d 
addition of oil to a soil or water cultun; in which legumes an* growing 
prevents the formation of tin* noduk‘.s. Mc»n*u\‘cr, as shoivn by 
Whiting, the leguimxs get tluar nitn^gen through the roc»f and not 
the leaves. Thc^ result of (uiltivation o! k*giinies is, therefore, 
threefold: (1) The loosening up of the soil, thus making available 
to the nodule bacteria atmospheric nitrog(*ii and oxygen; i2| the 
working of the soil increases otlier bacterial activity \vhi(*h in turn 
renders solul)le potassium, phosphorus, and other css(*iitiid ekuiKUifs 
in the soil; (3) the loose* ala^ated snrfacit tends to coitHcrve the 
moisture of the lower layers which can be drawn on by the plant, 
thus making more nearly optimum moistun* eemditions. 

Moisture. —The root systems of plants vary greatly with tlm 
moisture content of the soil. (Iain found that li‘giiineH grown in 
moist soil spread widely, wen* full of wat(*r, bcc*aiiii‘ (*ovc*rcd with 
root hairs, and presented a large surface of young tissties. In the 
dry soil the roots were less spreading and the epidf*rmis iviis greatly 
thickened. 

In moist soil the tubercles of the i>eas were scattered all c#ver the 
roots, were five or six times as abundant as in the dry soil, and were 
about four times as large and ovoid in shape; wliile" in tiie dry sful 
no tubercles were produced on tlie sui>erfieial nmU, At a de{kji of 
about 20 centimeters some tubercles were found of a lieriiiHpheric*iiI 
shai>e and much smaller than those grown in moist soil 
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On beans about twenty times as many tubercles were found in 
the moist soil and microscopic examinations showed important 
differences in the number of bacteria present and the structure of the 
tubercles. Similar results were obtained with lupines and other 
plants. This is what is to be expected, for when the root system is 
not actively functioning the nodules are slowly destroyed by the 
nodule-forming bacteria within and the saprophytic organisms 
without. The nitrogen fixed by the plant is proportional to the 
number and size of the nodules. Hence, the gains made in combined 
nitrogen are dependent upon the water applied to the legume. 
This optimum will vary with different soils. ICalantarov found in 
a loam soil that nodule bacteria require for their growth a minimum 
moisture content of about 30 per cent., whereas Prucha found in a 
sandy soil the optimum moisture content was from 20 to 40 per cent. 
Wilson found that an increase in moisture content from 35 to 45 
per cent, more than doubled the production of nodules, while with 
an increase from 45 to 55 per cent it was nearly doubled. There¬ 
fore, water is necessary for the normal functioning of the plant and 
bacteria, and it tends to leach out the soluble nitrogen and thus 
stimulates to greater action the legume bacteria, for it is known that 
the legume feeds first on the combined nitrogen of the soil and turns 
to the atmosphere only when this is greatly reduced. 

Excessive quantities of water may exclude the nitrogen from the 
roots and also favor anaerobic action, both of which would be 
detrimental to the legume bacteria. 

Temperature.—It is a well-known fact that the temperature of a 
soil varies with its moisture content and a water-logged soil is slow 
to heat up. Gain found the temperature of moist soil at midday 
to be 7 degrees cooler than dry soil. This difference in temperature 
persists throughout the day and night and is noted in a diminished 
degree even to a depth of four feet. This difference may be suffi¬ 
cient in some soils to greatly decrease or increase the metabolism of 
the organism which Zipfel finds is at its optimum at a temperature 
between 18 and 20° C. 

Inflaenee of Fertilizers.—The legume bacteria require the same 
elements for their growth as do other plants, and the application 
of fertilizers to a soil which increases the available potassium and 
phosphorus is attended by an increased bacterial activity. How¬ 
ever, it has long been known that nitrates inhibit nodule formation. 
Wilson found that nodule development was prevented by the 
presence of nitrates, sulphates, and ammonium salts, although the 
organisms retain their vitality in the presence of these salts. It is 
thought by some that the addition of soluble nitrates to the soil 
decreases by a kind of compensatory action the formation of root 
tubercles by legumes. Legumes growing on soil rich in nitrates 
may actually be immune to the nodule bacteria and prevent their 
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entrance into the roots. Small (juantiti(‘s of iiifra1(‘s ttanl to 
stimulate. 

Legumes Associated with Non-legumes. For c(‘ntnri(‘s it has hccai 
the practice in diina, Japan, W(\stern Asia, NortlnTii Afric-a, as w<^l! 
as ancient Rome, to />^ro\v le^nunes and non-h5;ifum(‘s in (‘oml)ination 
and there is no doubt that time and a^ain practi(*al farmers hav(‘ 
noted the more vif>;or(>us growth and darkca- grcMui of non-l(‘gumes 
when so grown, long before the inv(‘stigations of H(‘llri(*gc^l ami his 
associates established the fact that legunn^s ar(‘ ciipabh^ of utilizing 
atmospheric nitrogen. Ilis disc'ovcny gavc^ th(^ lv(\v to th(‘ mystery, 



Fia. 42.— Doubhi jkU'H uHcd in nhowing intiunnex* td Limmim on ntnidtigtiini!, 
(After Liitnifin). 


--the uon-lcguttK! was f'cttiiij' coiiihincd iiifrofjcn IVoni flic lc«iuiic. 
This was strikingly deinoustralcd hy a very ingcnidiis cxpcriincnt 
ooiidiicted hy Lipiiian. He grew tion-legutriinons plants in seil in 
a porous pot surrounded hy earth in a largiT glazed earf fiemvare pot 
in wliieh leguininous idaiifs were growing and found lliaf iirnh-r 
favorable conditions non-legumes associated with legumes may 
secure large amounts of nitrogen from the latter. This power <if 
supplying nitrogen to non-k'gmnes varies wfli <liffer<m( legumes. 
At times it may apiaiar as an inerea.sed yii'ld, whereas at others it 
may appear as an increased projairtion of nitrogen in the dry maff«'r 
of the non-legume or both, ddie following table gives the jmt- 
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centages of increase in the protein content and length of leaf in the 
grasses grown with clover over grasses grown alone (Evans). 


Kind of grass. 

Timothy grown in lawn plat 
Timothy grown in field 


Protein, Length of 

n X G.25. leaf. 

18.89 21.27 

7.G8 19.41 


This, however, varies with the soil and there may be conditions 
in which not only the protein content of the non-legume is slightly 
reduced by the association with the legume, but that the percentage 
of nitrogen in the legume may decrease as the proportion of non¬ 
legume in the mixture increases as noted by Westgate. Even in 
these cases the total nitrogen of the combined crops is usually 
increased, provided the legumes are properly inoculated. 

Soil Gains in Nitrogen.—The gains made by soil in nitrogen are 
dependent upon a number of factors. 

(1) It is self-evident that the soil must be in good physical condi¬ 
tion for maximum nitrogen gains. (2) The soil must contain the 
elements essential to plant growth, with the exception of nitrogen. 
The law of minimum holds rigidly in this case and the gains in nitro¬ 
gen are limited by the limiting element of plant production other 
than nitrogen. (3) Soils which contain sufficient available nitrogen 
for the production of good crops gain little, if any, nitrogen from the 
growth of legumes, for the plants together with the bacteria feed 
first upon the combined nitrogen of the soil and only upon atmos¬ 
pheric nitrogen when the soil nitrogen is exhausted. Soils may 
contain an abundance of combined organic nitrogen which for some 
reason is not rendered available and still gain from the turning under 
of properly inoculated legumes. (4) The legume must be properly 
inoculated; otherwise it obtains its nitrogen as do other plants. 
(5) The soil must be a suitable home for the legume and bacteria, 
that is, it must have a correct reaction, moisture, temperature, and 
aeration for maximum nitrogen fixation. Hence, we can expect 
to find a wide divergence in the results reported by investigators. 

Frank in 1891 found that soil which had been green-manured with 
legumes showed an appreciable gain of nitrogen. And it is a well- 
known fact that, in sand culture experiments in which the nitrogen 
of the soil is very low much more nitrogen may be removed in the 
legume crop than was found at first in the soil, and after the removal 
of the crop the soil may have gained in nitrogen. But what would 
happen in normally productive soil? The most reliable data now 
existing are contributed by the Illinois Experiment Station and 
indicate that two-thirds of the nitrogen in legumes grown on soils of 
normal productive power is obtainedfrom the air. These figures w-ere 
obtained from the analysis of inoculated and uninoculated legumes 
from like areas of normal soils and as a result of pot experiments. 
Computed by these data a four-ton alfalfa crop adds 132 pounds, a 
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four-ton ero]) of clover adds 107 pounds, a four-ton orop of r^owpea 
hay adds 11.5 pounds. 

These are tlie ({uantiti(‘S of nitro^cai \vhi(*h n'ac'h tin* soil under 
ideal conditions, l)ut sonn^ may he lost untka* natural f*onditions 
with the drainage, and })ossihly hy otlua* mcains. Th(‘ New rlcu'scy 
Plxperiment Station has reporh^d a gain of 200 ])ounds p(‘r aen* wlau'e 
crimson clover lias been grown, wIi(U‘t‘as tlu^ Rhode* Island lv\p(‘ri- 
ment Station, as a result of ])ot (‘ultun* (*xp(‘riin<‘nts, re‘ports a gain of 
400 pounds per acre yearly. This cxp(*nment t*xt(*n<led over five 
years, and legumes were grown both in the* stnniner ami in tin* 
winter. The tops of the summ(‘r IegunH*s (cowpeas and soybeans) 
were removed from the soil, while the winter l(‘gunn*s t vetch) W(*re 
turned back into the soil. 

Shutt, in pot and ]>lat experiin(*nts extc*uding ovc‘r two years in 
which mammoth red clover was grown on soil ami turned undc‘r, 
showed a gain of 179 pounds of nitrogen per acre to a depth *4’t) 
inches in the pot experiments and 175 pounds a dc‘pth of 4 inches 
in the plat experiments. A light sandy loam with a saialy subsoil, 
when i>lanted to (4over (*ontimiously and ri*sc*e<led evc*ry twc» y(*ars, 
doubled in nitrogen in t(ui years. This was a y<*arly gain of nitre^gen 
of 50 pounds per acre. 

Soil Inoculation.*- The c^arly (‘Xperiim*nts dc*monHtrated tluat 
legumes assimilate atmospheric* nitrogen only whc*n properly inocu¬ 
lated. Since that time mueli has he<‘n written <m soil incaiilaticm. 
However, it is being found that in the* majority of ea-Hes where the* 
physical and chemical conditions of tin? soil an* c»ptimiim, the 
ordinary legume bacteria are already pn*scmt. This is cH|M*ciaIly 
true where that particular iegumc! has bcM»n grown in that district 
for some time. The legume organism may have; I}CM*n in the virgin 
soil, liaving come from the native h*giime, or c‘arricd int(> tin* soil 
with manure or dust. When a mtw' leguimt is hcfing introdm*cd into 
a district, one should see that th(^ soil is properly inoculated for the 
members of that group. Hmtc^esHful seed inoeuliiiion can be per¬ 
formed with fresh properly ]>repared artifi<*ial mdtiires, hut in iniiny 
cases this has not proved succtissful and in tlic! miijcjrity (»f ciihc.h 
inoculation with soil known to be infc*eted is tci Im prc*fcrred. llie 
method suggested hy tlie Illinois Kx|K‘riment Station for large seeds, 
such as soybeans, is very satisfactcjry. The seeds are thoroughly 
moistened by a 10 ix^r cent, solution of gimt and sufficient dry 
pulverized iiideeted soil sifted on to absorb all of the moisture. 1lie 
seed is shovelled over a few times. Such infec*ted Hia*d shcmld be 
])lantcd very soon or else spread out to dry to prevent mould m*tion. 
Neither iiifected seed nor soil should !)e long exiamed to bright sun¬ 
shine, as this is very destructive to the hac*ti‘riii. 

, Where the old plants are to be inoculated a few hundred pounds 
of soil may be obtained from an old infected field spread on the new 
field and harrowed. 
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Dr. C. B. Lipman gives the following method for inoculating 
beans, and in a modified form it can be used for other legumes: 

"^Method Involving the Use of One Commercial Culture. —Prepare 
one-half barrel full of good loam soil (150 pounds) with sufficient 
water to make about optimum moisture conditions. This soil can 
be kept in a shallow vat about a foot in depth or in some other 
convenient receptacle where it can be well aerated. Purchase one 
commercial culture from any of the commercial firms selling legume 
bacterial cultures, choosing a culture for beans of the variety desired. 
The amount usually sold in a culture for one acre is sufficient. 
Shake this up with a few quarts of boiled water. The shaking should 
be continued for about ten minutes to get all the bacteria in sus¬ 
pension. Pour this suspension all over the surface of the soil in the 
vat and add to the solution about one-quarter of a pound of ordinary 
sugar per one hundred pounds of soil used in the vat. This should 
be distributed as evenly as possible through the soil and the latter 
thoroughly mixed with a spade or hoe, thus distributing both the 
sugar solution and the culture. After that the inoculated soil is to 
be kept in a warm place like a kitchen or a warm stable and the 
moisture content maintained at optimum until you are ready to use 
it for the inoculation of beans when they are planted. It is well to 
allow a period of two or three months for such incubation. 

^^At the end of the incubation period or when getting ready to 
plant, shake up some of the inoculated soil with clean water for 
a few minutes as before to get a good suspension of the bacteria. 
Pour enough of this suspension over the bean seed in large tanks 
or similar receptacles to wet the seed thoroughly, but not enough 
to allow any excess of water. Then spread the bean seed out on a 
canvas in a thin layer in the shade. As soon as the seed is air-dry and 
will not stick, place in a planter and plant immediately. In cases 
in which only small quantities of seed are to be planted, the suspen¬ 
sion need not be made, but the inoculated soil in small quantities 
can be mixed with the seed in the planter and allowed to drop with 
the beans as they are dropped from the machine, thus introducing 
the bacteria into the soil with every seed, or nearly so. 

‘'Alternative Method.—Where it is not desired even to jmrchase 
one commercial culture, inoculation can also be carried out entirely 
successfully by obtaining soil from a garden in which beans have 
grown successfully for some years and using that soil for making up 
the soil suspension or for mixing with the seed as above described. 
In other words, this garden soil, which contains the necessary ba(t- 
teria, will serve fully as well as the inoculated and incubated soil 
just described above. This is of course the simpler method to those 
who have access to garden soil which has produced beans successfully. 
Soils like this may also be obtained from old and more extensive 
bean fields, where' successful bean-growing has been carried out. 
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For’small plots, such soil can he (linully harrowis! into th(‘ soil to 
be irK)culate(l after heinj»; S])reacl (af>out oik^ hushc*! per acre*) in moist 
condition on a cloudy or rainy day/’ 

Commercial Cultures. —Because^ inoculation by nutans ol soil I rout 
old fields may transmit fungus dis(‘as(\s, w<‘cd sc(‘d, ami m‘C(‘ssi- 
tates the transferen(‘c of large* quautiti(*s of soil numerous work(‘rs 
have endeavored to inoculate^ with pure* cultures, dlic first 
attem])t was made by Noblx* and Hiltner who }dace<l on the market 
a ])rcparation called “nitrogin.” Bight kinds w(‘r(* |)r(‘[)ared suit¬ 
able for th(^ dilferent l(*giun(‘s and W{‘r<‘ sent out on g(*latim S(nm* 
of the results were satisfactory, but on tin* whole* tlic p(‘rc(‘ntag<‘ of 
failures was so great that tin* method was largely discr<*dited. 

Later the subj(‘ct was invt*stigat(*d by Moore who considered tin* 
failures of Nobbe dm* to tin* fact that he* had grown his <*ultun*s on 
gelatin. This (‘ontained eomt)im*d nitrog(‘n in abumlanm* and the* 
bactenaa, lost th(‘ir virul(*nc(‘ and no Ionge*r poss(*ssc‘d tin* powe*r of 
forcing their way into the* roots of h‘guminous plants and proclm-ing 
nodules. Moore used a nitrogc*n-fr(‘(* im‘dium for tin* growth of 
his eultures, thus incn'asing tlH‘ir nitrogen-fixing pow<*r. They 
were distributed on cotton. Lat(*r rniuiel eultures wc*re used and 
since that time many diffen*!!! mc‘(lia, ineluding even soil humus 
have been used by differ(*nt. work(*rs with var\ing degrees of 
suc(*ess. As a result, at tin* ]>n*s(*nt tinn* some etnmnereial <*u!tnrc*.s 
are being put upon tin* market which are prcLably just as eflieit‘n! 
as are the natural-oc(*urring soil organisms, licnvever, scum* work¬ 
ers claim to luivc! dev(‘loped organisms possessing a high plivsio- 
logical effiei(*ney. Bnt aft(*r taking all tin* fac*ts iiitc^ c'<msidc*ration, 
one must conc*Iu(le that at the present time* tin* pure enltnrc's have* 
little advantages ova‘r the naturaI-e)C'e*urring orgaiiisinn. 

HKFKHHNe’MS. 

LohiuH: ilaacihiicli Ucr LaiiUwirtHc^iiaftiirhfii Bakerrioloiijr. 

Lafar: IlaiKihiich Ucr '['(‘chniwhc*!! 

Voorh(;(^H and laprnan: A Rcvic*w of Invent{galioiih in Hj»il . F, S. 

Dopt. Am, C)fT. Kxp. mdl. 194. 

Whiting: A Hifxitomic*. Htwiy nf XitrngC'n in t'nrtain l*.xp. 

Bta. Bull. 170. 

Bumll and Hanncn: I« Syn;d)ifmiK PcmKihli* Barf^ria and Sun- 

I(‘gumc PlantH, lliincuH Kxp. Sta. Bull. 202. 
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rifOF iKfvxnos. 

liiijr iifiifiriJioriiil if ha- a scif-cnadcuit fa(*t 

that uliarr rr<»|i rutaliiiri ithan* is a higi^aa’ aad better 
yi(td. 1li<‘ faniiriN <»f atiririif f{f»iiie iinderstocHl that <*r(>j)s fol¬ 
lowing hnaie. fitsi and irtita-s wm* tjhiinlly helt(‘r than thos<‘ 
folhmiiig whvni ar liar!r> . Init if \\a> not until tfa* last. (iuart(‘r 
of the iiiiielef*iiffi f'l'iiliiin that if ttan lt*ani<*(l that tin* l(*gurninotiH 
|ilafit'% with tlieaid f#f a *‘oeiaif^d hafteria, hav(^ th(‘ jHavcu* of fecaling 
im the free liitnigffi of tfn* air. tt fiereie4 the iH)n-l(‘gurninons ])Iauts 
have lief thi- fiower iiiiii rer|iiire a HU|»|d\ of caanhincal nitrogen. 
'To»lii> the iie-'t fariiiti’-. iiraefi-i^ oiine >v'-tein of ero{) rotation. 
Hie} lane li^ariied iVoiii iwperiener that wlnu'e crop rotation is 
praeti-ed die erofr-. are liiggra* and lietfer than undcT the; single 
<To|i 'waeiii, llii liaiiill) interpoted as in<lieating tJiat ero]) 
rofation lia*^ iiierraai! tin* frrlilit) of ffie soil. Many fanners 
plant legiiine> for n ifiiiiilier itf ^ears on run-down soil, nanovc t.he 
eiitir«* erop and feel eiUffiilnil that their soil is iHs-oniing rielier in 
phtiif-feod. Let IIM rsaiiiiiir 'atine of t{i«* results ohtain(*d in (*are- 
fiill} piiiiifftsl e\|frriiiieiit 'i' to as* it this <sineIu,‘iion is warraiitxHi by 
die fWperiiiieiitii! v\ ideiiee. 

Essential EteitiiiJli. ilaiiis are eomposed of tiui (d^uncuits, each 
one of m'liieli is ahHuInfoly to growth and .seed formation. 

Ofii\ two eiirtiofi iind o\igeri are seeiired from fh<‘ a.ir by ail 
pliiiifs; cuili ofir Iridrogeii front the wntvr; the other .scna,ai an^ 
si*c*tired In all phinf ■ from the soi!. One elass cd’ ]>lants - the 
legume^ . iimifi’ iip|iriipriiife eiiiiditirais, olHain tlutr uitrogcai 

from fill* air. >i\ rleineiils plio^phoriis, potussinin, niaii^iH'siuni, 
<*iilc‘iiiiii, iroii and ^ail|i!itir are oiitniued front da* soil by tin* growing 
plitnf. 

Eiement Mdtd Ijj Legiutiaes. The great inajorif>‘ of agri<‘ultural 
soils eoiifiiiii liir^a* ion of aill tfasse elements, with tin* (‘Xe(*]>- 

tion of nitrogen, pliosjiiioriiH nnd potassinni. dliese an* nscal hy 
tin* growing plant in Ijirger <|iiiirififie'^ ffian an* an\' of tb<^ otii<‘r 
eleineiifs liiiicti are ulitiiiiieff flireefli from the soil. In th(^ grcait 
iiiitjorify of soils iiitrogf'in piiosplitfruH. or pola.ssinm is tin* limiting 
eiteriieitf in erup |■lri«itl«'fioln llierefbre, oiir prohlein rc*solv<*s 
ifseif into tlif* <|iiestioii: ^ hin erop rotation mainlain ttie.se eien)(‘nts 
ill die soil ill Hiiflieient for inawiininn \ lehL.? Phosphorus 
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and potassium arc obtained by the f^rowin^^ plant only from tlu^ 
soil; it is, therefore, self-evident that no siin]>I(^ sysfcun of (‘fo]) 
rotation can maintain the phos})horus and i>ota.ssiinn, since th(^ 
quantity within the soil must of neec^ssity b(‘ r(*du(M‘d with (‘a(*!i 
crop removed, the extent d(^])(mdin^^ u])on th(‘ sp(‘eifi(* cro]) |>:rown. 
Hence, nitrogen is the only element which we can ho]H‘ to maintain 
by crop rotation. But tliis is the eletmmt which is found in the 
soil in wsmallest (juantity and removcal by most ]>lants in lar|»:(‘r 
quantities than the phosphorus or potassium. Mon‘ov(‘r, large? 
quantities of this element are at tinu^s lost from the* soil by hunch¬ 
ing, while the loss of the otluu’s is ('omparativety small. It is of 
the greatest importari(*e, th(?r(t‘or(‘, that this nitrogem bc‘ sn]>plic‘d 
to the soils in sufficient (piantiti(\s for (*rop production and in the 
cheapest manner possible. The total (piantity of these* tliret* (‘h*- 
ments found in an acre-foot section of two I'tah agricultural soils, 
assuming one acre-foot to weight pounds, is givc*n Inflow: 


(jri'iirivillcs Fanu fUfnh), Farin U’fah), 

prmrulK p(T arn*. prr am*. 

Nitro|?(‘n . ... *1,^04 a, 744 

PhoHpiioruH . .. 2,700 K.aSH 

PotaHwurn.00,5<50 K7,HI0 


Both soils (‘ontain an abundance* of petassium, but tin* supply 
of p}ios])horiis and nitrogen is mucli Iowct. A study of these 
results shows that a oO-busIut cu’op of whcnit c*ach y(‘ar for forty- 
nine years would remove the ecpiivahmt of the* total cfuantity of 
nitrogen in the (ireemvilh? soil to a ch*pth c»f one* foot, while* a similar 
crop on the Ne.?phi farm wonlel accomplish this in just tliirty-He*ve*n 
years. It would, however, n;c|nire? a 5{)4nishe*I crop one* hnndn*d 
and seventy years to remove the phosphorus frean tlic* (Ireamville? 
soil and five Imndred aTid twenty-five velars to nanove* it from the? 
Nephi soil. Of (?ourse a crop would newe*r remmve* all tin* nitrogen 
or ph()s]>h()riis from a soil, hut in actual prae*tice» the* (deunemts arc? 
slowly removed, the (*rop yields he‘ng rediu'cal each ye^ar until 
a certain minimum is reacdied. Whem erejpH can no longer he? 
produced economicailly then the* owner alamehms his sejil, move?s 
on to virgin se)ilH, or if it be in an olel distrie't lie* n*.sort.H to the? 
expensive (?ommereial fertilizer. The illu.stratiem is, henve^ve^r, suffi¬ 
ciently aeemrate to make it (*lear that tin? limiting faeior, in so far 
as soil fertility is (‘oiuvrned in both of thc*se* soils, is tlie* nitrogem. 
And it is true of, the great majority e)f all soils that an inereaiHe^d 
nitrogen supply means an inerease^d yie*leL Tins principle is one? 
of the fundamentals of soil fertility. 

Nitrogen.““-Nitrogc?!! exists in the atmosphc*re in inexhaustiblej 
quantities, every scpiare yard of land having Hc?v<m tons of nitrogen 
lying over it, or if the quantity covering one acTe* eoiihl la* e*e>ml)inc?d 
into the nitrate it would be worth as a fertilizer $125,000,1)00. 
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Now it has been demonstrated that the legumes—peas, beans, 
alfalfa, etc.—when properly infected have the power of feeding on 
this limitless supply of atmospheric nitrogen, while the non-legumes 
—barley, wheat, oats, etc.—must depend upon the supply within 
the soil, and the farmer must take advantage of this fact to supply 
nitrogen for his crops, as the commercial fertilizer cannot be eco¬ 
nomically used for the production of most crops, as is seen from the 
fact that the nitrogen in a 50-bushel wheat crop would cost $14.40, 
or 20 tons of sugar-beets $15.00, or 1 ton of alfalfa hay $7.50, if 
bought as a commercial fertilizer. But will the legume ciraw nitro¬ 
gen from the atmosphere while there is a supply in the soil, or will 
it follow the line of least resistance and turn only to the atmosphere 
when nitrogen is lacking in the soil? If it does, it must first drain 
the soil of its valuable nitrogen and thus leave it no richer than it 
was before the legume was grown upon the soil. This is the prob¬ 
lem which this chapter is to answer. 

Rothamsted Rotation.—Crop rotation has been practised for 
centuries, but the oldest system on which we have accurate infor¬ 
mation is the one on Agdell Field at the Rothamsted Experiment 
Station. This system was inaugurated in 1848 and is still being 
carefully followed. It consists of a four-year rotation, as follows: 

First year: Swede turnips (rutabagas). 

Second year: Barley. 

Third year: Clover or beans. 

Fourth year: Wheat. 

Still another system has been running parallel and similar to 
this, except that fallow cultivation is practised in the third year 
instead of growing a legume. The average yields for twenty-year 
periods are given below. These systems are of special interest to 
western farmers, for when we substitute sugar-beets for the turnips 
and alfalfa or peas for the clover or beans, we have nearly an ideal 
rotation for our soils. 


Crop. 


Legumes. 


Fallow. 


Yield Isfc 
20 years, 
1848-68. 

Yield 2d 
20 years, 
1868-88. 

Yield 3d 
20 years, 
1888-08. 

Yield 1st 
20 years, 
1848-68. 

Yield 2d 
20 years, 
1868-88. 

Yield 3(1 
20 years, 
1888-08. 

Turnips: 







Boots (lbs.) .... 

5264.0 

1723.0 

967.0 

5785.0 

3067.0 

2502.0 

Leaves (lbs.) 

600.0 

447.0 

242.0 

629.0 

538.0 

458.0 

Barley: 







Grain (bu.) .... 

38.0 

22.5 

13.7 

37.0 

22.8 

15.9 

Straw (lbs.) .... 

2373.0 

1496.0 

1172.0 

2244’. 0 

1489.0 

1172.0 

Wheat: 







Grain (bu.) .... 

29.6 

21.1 

24.3 

34.5 

23.2 

23.5 

, Straw hbs.) .... 

3169.0 

2082.0 

2445.0 

3761.0 

2420.0 

2412.0 


21 
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Even where the legiiine wiis used in fiie system there hml J.een 
a (Iceliae in the yield. 'Phe yield of tli(‘ tiirnij)S duriiiK the first 
twenty years was r)2(i4 pounds, the second 172:!, and tiie tliinl 
only !)()7 jjotinds, thus showiiif? a d('ereas(‘ of about fi\'e->i\tiis the 
original in sixty years. 

The re.sults with the barley are no better, for there is a ilrop 
from the fair yield of :1K bushels jier acre during the first jieriod to 
only 1 : 1.7 during the third. The wheat which followed the legume 
in the rotation, and hene(‘ oeeipiieil the most favoreil place in the 
system, shows a decrease of ").:i bushels. .Vot e\'en a good yiehl 
has been maintained for the elovi'r, for from Is.iO to l,Si 1 the 
average yield was 41()r) pounds, while from 1.SS2 to lilfib the \ ield 
was only 124() iiounds. In reality W(‘ find no greater deeline in 
the yields where fallow cultivation is i>ra(ti.s<-d. But both sys- 
tenis strongly testify to thc‘ iacl that rotation is not loaiutaininix 
the produetive ])ow(‘rs of this soil. And th(‘ exidenu*** is strong 
that the legume gets no morc^ nifrogem from tin* air tlian tliat 
which is removed with th(‘ plant. Otherwise^, shouhl c‘Xpeet 
better I’esiilts in the k^giniu^ systtan tlian in tlic tallow .systcim 

Nitrogen Obtained from Atmosphere by Legumes. Hint I he 
alfalfa, when grown on fertile* soil and the (*ro]> r(*ni(»v<*d, <hH*N md 
increase the nitrogen of the* soil is seen from c*xperim<iit.s con¬ 
ducted by Dr. Hopkins at tlu* Tniversity of IlliiH>i.x 'Fhe ex|H‘ri- 
ments were made possilde* hy tlu* fact tliat many of t!ic Illinois 
soils do not normally contain the* symlaedie* l)ae*t<*ria whic‘h make 
it p>ossihle for tlie alfalfa to obtain nitre^geai from tlie* air. ^ dliis 
being the ease, a fiedel was take*n \xhivh had n(»f grown alfalfa and 
which did not e*e)ntain the* symbiotic nitre^ge‘n"«gatbearing bm-tiTia. 
This was planted to alfalfa, e)nly oiw-lialf ed it being imaiilalce! 
with the legume organism, d'o senne* ed* tlie* pleds weTc* ndde*el liim* 
and phosphorus to make sun* that the‘se‘ wen* ued the limiting fac*- 
tors. The results thus ol)taine*d an* give‘n beiow: 

P<Hindi In oop: 

Plot No. Treatment applied. Dry inat{**r. 

la None ....... IIHO 21.Hi 

\h Bacteria .23eK) <1*2.04 

2tt Lime.l.'iOO 20.20 

2b Lime bacteria ... . 2570 OK,(12 

,'ia .Lime phoBphorus . . , . 1740 25.40 

36 Lime phoHpbonw baeU'ria . 3200 K0.05 

It is evident from these nxsulis tliat the alfalfa had oldaincd 
from 40 to 53 pounds of nitrogen from tin* air, de^pemding upon 
the treatment. There was slightly mon^ than one-third ns inticli 
nitrogen in the alfalfa (‘rop from the iinineK*ulate*d as in t h<*ineK*u!alcd. 
Therefore, it is (phte evident that the^ alfalfa, in these plats had 
obtained one-third of its nitrogen from the *HoiI and two-thirels from 


PfiWKL. nitr«»iccit 
fiM‘rl t»y 

40 23 

. 41 K2 

, 53 m 
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the air. Now, nitrogen is required by the root for its growth as 
well as for the growth above the ground, and we have every reason 
for believing that the root also would obtain it in the same pro¬ 
portion from air and soil as did the hay crop. 

Distribution of Nitrogen in Legumes.—If we examine dry matter 
and total nitrogen occurring in the roots and stalks of alfalfa, we 
should be able to decide whether more nitrogen is being returned 
to the soil in the roots and residues than is removed by the growing 
plants. 

The results for this comparison have been obtained from Illinois 
and Delaware experiments and are tabulated below: 



Dry matter 

Nitrogen 

Per cent, of 


per acre, 
pounds. 

per acre, 
pounds. 

total nitrogen, 

legume. 

in tops. 

Sweet clover: 

Tops. 

. . . 9029 

174 \ 

76 

Roots and residues . 

. . . 3748 

54 i 

Crimson clover: 

Tops. 

. . . 4512 

103 1 

70 

Roots. 

. . . 2022 

41/ 

Alfalfa; 

Tops. 

. . . 2267 

54.8 1 

60 

Roots. 

. . . 1980 

40.4 / 


With the clover, three-fourths of the total nitrogen is found 
in the plant above ground and only one-fourth in the roots, while 
alfalfa shows a greater proportion in the roots—40 per cent. This 
represents the proportion for the first-year growth for alfalfa and 
it is not likely that in the older plant this proportion of the total 
nitrogen would be maintained in the roots. Hence, it is quite 
certain that if only two-thirds of the total nitrogen of the plant 
is obtained from the air the quantity returned to the soil with the 
roots and plant residues does not exceed that removed from the 
soil by the growing plant, which would give no increase in soil 
nitrogen from the growing of a legume where the entire crop is 
removed, and this even where the roots are allowed to remain 
and decay. Yet we find some farmers who remove the roots from 
the soil and even then expect an increase in their soil fertility. 

Legumes Feed on Nitrates.—It is, therefore, rather certain that 
the legume, where the crop is harvested, does not increase the 
soil nitrogen of the fertile soil of Illinois and other soil fairly rich 
in nitrogen. But what will happen on the arid and semi-arid soil 
where nitrogen in many cases is the limiting element and is present 
in much smaller quantities than it is in the soils on which the 
experiments considered have been conducted. Experiments which 
have been conducted at the Utah Experiment Station during the 
last twelve years have demonstrated that even on soils poor in 
nitrogen the legume first feeds upon the combined nitrogen of the 
soil. It is known that plant residues and other complex nitrogen 
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compounds found in the soil are transformed by bacteria into 
ammonia, and this in turn by another class of bacteria into nitric 
nitrogen, and it is mainly on this nitrogen that the growing plant 
feeds. The quantity of this found in the soil at different periods 
under different plants has been measured at the Utah Experiment 
Station and the average results for twelve years are given in tabular 
form below, stated as pounds of nitric nitrogen per acre to a depth 


of six feet. 

Season. 

Crop. --'-- Average. 

Spring. Midsummer. Fall. 

Alfalfa. 22.3 15.8 32.8 23.6 

Oats. 35.7 14.1 20.6 23.5 

Corn. 24.8 18.9 22.0 21.9 

Potatoes. 81.1 60.8 54.2 65.3 

Fallow. 81.5 53.6 62.6 65.9 


The legume, alfalfa, removes the nitric nitrogen from the soil 
equally as fast as do the non-legumes. Yet this soil was well- 
inoculated with the symbiotic bacteria which undoubtedly assisted 
the alfalfa in obtaining free nitrogen from the air when needed, but 
not until the soluble nitrogen had been drained from the soil to 
its full extent, as shown by the fact that alfalfa soil never contains 
more' than does oat and corn land, and is very poor as compared 
with potato and fallow soil. 

Nitrification in Soils.—It may be argued that the small quantity 
of nitric nitrogen in the alfalfa soil is due to a lack of its formation, 
as it is not needed by the legume, and hence not formed. This 
conclusion, however, is not warranted by the facts in the case, as 
may be seen from the results obtained where nitrification was 
measured. These also are the average results extending over a 
number of years and obtained at the Utah Experiment Station. 


Milligrams, nitric nitrogen produced 
in 100 gms. of soil in twenty-one days. 

Crop. --'-- Average. 

Spring. Midsummer, Fall. 

Alfalfa. 3.15 7.48 3.08 4.56 

Oats. 2.40 4.00 3.00 3.13 

Corn. 2.18 3.50 1.48 2.38 ’ 

Potatoes. 3.00 15.55 5.60 8.04 

Fallow. 1.30 5,50 2.48 3.09 


Here the quantity of soluble nitrogen produced in the alfalfa 
soil is greater than that produced in either the oat, corn, or fallow 
soil. There is no doubt that this is one reason why an increased 
yield is obtained the year following the plowing up of legumes for this 
increased action also occurs the next year after an alfalfa field is 
planted to some other crop. This is due to the stimulation of 
bacterial organisms of the soil by the alfalfa plant so that they 
make available faster the nitrogen of the soil, but this only depletes 
the soil of its nitrogen more readily than the non-legume, as it is 
the nitrogen already combined in the soil on which the nitrifying 
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organisms act. Hence, we must conclude that alfalfa not only 
feeds closer on the soluble nitrates of the soil, but it also makes a 
greater drain upon the insoluble nitrogen of the soil by increasing 
its nitrifying powers and would therefore deplete the soil if the 
entire crop be removed, more readily than would other crops—a 
conclusion which is borne out by the direct analysis of the soil. 

The analysis of a great number of Utah soils which have grown 
various crops for a number of years—some of them having been 
into alfalfa or wheat for upward of thirty years—revealed the 
fact that almost invariably the alfalfa soil contained less total 
nitrogen than did the wheat soil. The average for a great number 
of determinations made from alfalfa soils was 7232 pounds per 
acre of total nitrogen, while the average for a great number of 
wheat soils was 7398 pounds. These are average results from a great 
number of determinations made on adjoining alfalfa and wheat soil 
and they clearly indicate that in ordinary farm practice the alfalfa 
is making just as heavy a drain upon the soil nitrogen as is the 
wheat. 

Hence, from a consideration of the yields obtained in crop rota¬ 
tion, the relative quantities of nitrogen obtained from the atmos¬ 
phere and the soil by the alfalfa, the feeding and stimulating effect 
of the alfalfa upon nitrification, and'finally the actual quantity of 
total nitrogen remaining in the soil after wheat and legumes, we 
must conclude that the legume does not increase the nitrogen of 
a common agricultural soil—even in the arid region where the 
nitrogen is low—when the entire crop is removed. 

This conclusion does not, however, mean that crop rotation 
should not be practised, for there are many reasons why crop rota¬ 
tion commends itself to the careful farmer, but it must not be used 
and the legume removed with .the intention of maintaining soil 
fertility. This may appear to be an unfortunate conclusion, but 
it is just the reverse, and if its teachings^be heeded it means a 
fertile soil and an economic gain to the farmer from the system of 
farming which it requires him to adopt. 

How to Maintain Soil Nitrogen.—There are two practicable 
methods of maintaining the nitrogen content of the soil. (1) 
Planning systems of crop rotations with legumes, the legumes 
being plowed under and allowed to decay, thus furnishing nitrogen 
to the succeeding crop; (2) practising a combined system of crop 
rotation and livestock farming. 

Three tons of alfalfa contain 150 pounds of nitrogen, all of 
which we could assume came from the atmosphere. Assuming 
the quantity found in the roots as coming from the soil, this is the 
equivalent of the nitrogen found in the grain and straw of 75 
bushels of wheat. If the alfalfa is plowed under some of the 
nitrogen would be lost to the growing plant in the processes of 
decay and leaching, but that the total nitrogen of the soil may 
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actually 1><‘ iiK'n^astnl by the* furniii.ii: uii(l<a’ of the Icixunu' is rcilain 
from fi(‘l(! (‘xixaiimaits. 

'^rh(‘ Dominion of (’anada Ivx{H‘rimc‘iif Stations ^row mamimjfli 
(‘lover for two sii(*(‘(*ssiv(‘ s<‘asons on a soil V(‘r\' I<av in nitro^^cm. 
''riH‘ (wo (*uitin^^s of mammoth (*loV(‘r with all the n*si(ha*s were* 
turiHMl mxha* cacdi yvnv witli tlH‘ r(‘sult that tin* soil i^uiimnl as i\ii 
av(»ra|JC(‘ 177 pounds |K‘r aon* of total nitrogiai which is thccfuantity 
oi nitro|i:c‘n found in thnx^ •ll)"hush(‘I (‘rops of wlH‘at, ])rovidcd th(‘ 
straw was ndurncxl to th(‘ soil, as tw(» tons of this cemtains 20 
pounds of nitroi^cm. On th(‘ other hand, work (»n the soil of tht* 
rtah X<‘|)hi Hxpc'rinumt Farm, with a rotati(m cd wh(‘at and ptxis 
wh(‘n‘ th(‘ p(‘as w(‘n‘ plowed und(‘r, showixl a ^ain in t(JtaI nitr(*^(m 
of 240 pounds in four yextrs. Odiat is, in addition to furnisltini^ the* 
small (juantity of nifroi^cm rccpiinsl In* the wh(*at crop, tln^ peas 
had addc‘(l to tin* soil an av(‘ra,i,n* of hO pounds of nilrogim per yc^ar. 

OdH* s(‘(‘ond m(‘thod ot maintaining^ tin* nifro^nm and organic* 
matt(*r of the* soil tin* cennhined relation and Ii\*c‘.-ifock method 
is tin* more* practical, and if systiaiiatically praclisix! will not c^nly 
rnaiiOain the* nitrogem of tin* soil hut will pnne* of gnxit economic 
valu(‘ to th(* individual following it. Few it cemsi^ts of a notation 
in whi(*h the* h‘giimc‘ plays a promin(‘nf part. The legume to he* 
ted and all tin* manure^ rc‘turnc*d tee tin* seal, which would mean the* 
s(*lliag from the farm <»f tin* hay (Topin tlieform of Imtter, milk ca* 
h<‘(‘f which carric's from the soil only a frac'ticm cd’ tin* nitrog(*n 
stonal ut> by the* l(‘gume. Mcerecn’cr, it brings for the prodiieiw 
much gr(‘at«‘r ndiirns than doc^s tin* ^\'sfem in which tlie h*giime is 
pdowenl imdcav 

It must, h(nv(*v(‘i% lx* rememlx*r(‘d in this system that only thm‘- 
fourth.s of tin* total nifn^gen of the feed is rec’oifTed in the dung 
and urine*. So that in plaei* (d’ three tcuH (d‘ idfidfa adding lot) 
pounds cd* nitrog(‘n to the seal from flu* air, it would add only 121) 
pounds, and this is where all <d’ the licfnid and solid exeremeuts are 
e(dl(‘(*ted and n‘tiirned to the* M»iL But wliere flu* adfiilfa is to lx* 
fed and tin* mamin* returned to tlx* soil, flic legume c*an cxxmpy 
a much hmg(‘r p<*ri(xl iu the* rotation and that with greiifcr ec'onomy 
than wluTc* tin* l(*gmm* is to be plowexl midf*r direct!}, 

If(*ncc, w<‘ find that if tla^se priuci{dcs which have lx»eii esfale 
lishcxl for soils (‘V(*n low in nitrogen lx* systematically applied to 
tin* soil, it will rcssult in greiiteT rcv(»iim* from an increased liv(*~ 
.st(x*k industry and will maintain the soil ricdi in liitrogeii and 
organic* matt<*r in phux* of d(*phdifig it of its stored-up nifrogeip 
as is so ofteri fix* ease with tlx* pn*seiit meflxxlH. 


HKFKIU'.XCKH. 

IIopkinM: Soil Frrlilit.\- jiiid Fmiiaiioiit AKririiifiir*'. 

(iri'iivoH, Stowart iuhI liifliionn* of I’rr»|i, Hi'iinoii »ri«l Wjitor on tin* Bac- 

toriid Axtivifiim fif fho Soil, .lour, Agr. lUmmrAu m, 2fKf JMI. 
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(‘KLLI’fX)SK I)H(X)M1X)SIN(; OHCJAXISXIS. 


^'1'hk plan! ri*AdiU!> uliifh find flair wa>‘ inlo tlir .s<iil r<infiHfn 
iiradditioii fo prc^iin, non-firotiifi c*onpHaind% d'lu-a* an* dia-can- 
p(>M*d In’ Uhls lilaa’afini^ t!j<* (HH*r| 4 'y an<i 

fla* rarhoii to thr atrianphiTc* s<> that it is ai^airi availahlr tn plants. 
Ihn rriH'fion^ nmirriiii^^ in this pmcass an* {irnliaJdy tin* n‘\'(*rsn 
nf thuhL (asiirriiiyr in thv fixafinii nf rarlinn ln‘ fin* piaid. 
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^ C6llnIos6, I Ih* fi*fin iaihilnsi* clans nc^t dcssl^natc* a slni^lc* indi- 

\ifliiiil cotiiiM.utKl hut unih.iihtrtlly a whole .series ol' eom|(oiiii(k 
All of these are extretiieh eom|>lex and |>a.s.s t'rjidiiallv I'nan llie 
tender hemi- or [rsendo-eelhilose of the yoniij' [ilani, whieh i.s 
eoiiij>firati\ely sohihle in aeid.s and alkalies, to the more eoniplex 
and very resistant iit,moe(*lliiloses. All are forms of eelhdose. hut. 
their {mtiMTfies are eveeediufiK <lilferenf. 'I’lie first mav Merv(> a.s 
food even to man, Init the latter i.s hiKhly resistant to all the eommon 
soheiifs. If is, however. dissoKed hy a few .speeial soKents, sneh 
as ammoni.aeal .Holiilions of eojiper ovid, earhon hisulj»hid in .sodium 
!i\dro\id, and a few others. ( ellnlose is iiilroj'eii-free and is 
made up ol^ earhoii, hy<lr<it;en, ami iisyj^vii haxint; the emjarit'al 
tormuhi. (< til(itif ftiii- On liydrolysi-i, it yiehi.i varioin .iUj'ars, 
depeiidint; ujKin its .soiiree, as j'liieose, manno.se or xylose. In 
the process of hxilrolysis, there re.snifs certain intermediate 
de.Ntrin bodies, a study <if whi<'h has shown eellulo.-,e to he e\- 
treniel.v eompley Hesid«*s the.He there are eerfain jtums, }M*etin,s, 
liKnin.s and .simihir eompoimds, which are nearly related to eelln- 
lose and \vhieh have not heeii differentiated from the true eelhilose 
hy many investiKtifors. 'fhe remiltH are that the power of deeom- 
iHwin},' eeIlulos«- has heeii attrihnted to <'ertain organism i hut a 
earefnl stialy of t}n‘ siihjeet has revealeil later that fhe t.rpini in 
decomposed .some of the relafeil eoniftoinid. Init left eelhdo e 
unaltered. 

Early Observations. 'Fhat earhon pa.s.e, (hronf;h a tlelinife ewl,. 
troni the solid orKanie ti,s-.ues of plants t.t the i,'a eon . form of tlie 
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atmosphere has been known for a long time, but it was usually 
thought of as passing from the solid complexes to the gaseous 
compounds through its direct combination with oxygen at a high 
temperature. In fact, this was considered as being the only 
method until Pasteur pointed out that there were other means. 
He considered it as being brought about by molds. Later Mit- 
scherlich (1850) observed that when moist potatoes decay the cell 
wall is dissolved and the starch gradually passes out. This he 
thought to be due to a group of organisms, but nothing was done 
to show that it was the work of any species until about fifteen 
years later when Trectil isolated an organism which had the power 
of decomposing young plant tissues and which was stained blue 
by iodine. To this organism he gave the name amylobacter. 
The organism he claimed had the power of decomposing cellulose 
with the formation of butyric acid, carbon dioxid, and hydrogen. 
As all of his work, however, was carried on with plant tissues, it 
leaves a question as to whether the amylobacter had actually 
decomposed cellulose or only some of the nearly related compounds. 

The decomposition of cellulose in manure was studied by Deh6- 
rain, Gayon, Herbert and Popoff. The last investigator was the 
first to recognize the similarity between the method of production 
of methane in sewage and the intestines of animals. He studied 
the action which took place when a medium containing Swedish 
filter paper was seeded with sewage, and obtained a large volume 
of gas, an analysis of which showed it to consist of carbon dioxid, 
methane and hydrogen. The first two he thought to be due to 
a cellulose ferment, but the latter to a butyric acid ferment. At 
the end of the incubation period, there was a gummy mass in the 
fermentation flasks. 

For a long time after this the attention of the investigators 
seemed to be directed mainly to a quantitative study of the result¬ 
ing products of fermentation. This is especially true with the 
work of Tappeiner and Hoppe-Seyler. The former, with the idea 
of determining the bacterial changes which take place normally in 
the intestinal canal, introduced finely divided cotton or paper into 
flasks containing a 1 per cent, neutral solution of beef extract. 
The flasks and contents were sterilized and then inoculated with 
small quantities of pancreatic juice and incubated at 35° C. They 
were so arranged that the gases could be collected and analyzed. 
The resulting product consisted of acetic acid, isobutyric acid, 
acetaldehyd, 'methane and carbon dioxid. The last two were 
in the ratio of J to 7.2 at the beginning of the process and 1 to 3.4 
at the close. In another set of experiments he used an alkaline 
medium and obtained the same qualitative but different quanti¬ 
tative results, there being a large amount of hydrogen evolved in 
the alkaline medium. 
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From his work, he concluded that cellulose undergoes a fer¬ 
mentation in the first stomach of ruminants and in the alimentary 
canal of all herbivora. In later work he tried to decide whether 
this fermentation was due to an organized or to an unorganized 
ferment. This he did by inoculating suitable flasks with the 
contents of the alimentary canal of oxen. The flasks were divided 
into three sets and treated as follows: (1) Heated, (2) treated 
with antiseptics (thymol and the like) and (3) untreated. Fer¬ 
mentation occurred only in the last set from which he concluded 
that it was due to bacterial action. From his work in general 
he decided that bacteria have the power of decomposing cellulose 
with the formation of carbon dioxid and methane and that this 
process plays a large part in the digestive processes of herbivorous 
animals. 

Hoppe-Seyler, who considered the fermentation process mainly 
from the changes which take place when cellulose is decomposed 
in soil or beneath water, commenced his experiments by collecting 
and analyzing the gases given off from soils and swamps. These 
he found to consist mainly of carbon dioxid and methane. Later 
he carried out laboratory determinations by placing 25.773 grams 
of filter paper into 1000 c.c. flasks containing 700 c.c. of water and 
inoculated with mud. They were so arranged that the gaseous 
products were collected over mercury. He incubated tliem at 
room temperature for four years. During the first year there was 
considerable gas evolved, but the evolution gradually became 
slower until at the end of four years the evolution of gas had practi¬ 
cally ceased. An analysis showed that 15 grams of the cellulose had 
been decomposed with the formation mainly of carbon dioxid 
and methane. He was unable to find any of the true sugars, 
although he thought it possible that there were some of the dextrin 
compounds in the solution. When air was excluded he found 
that there was a greater production of methane and a smaller one 
of carbon dioxid. From his work he considered the reaction pro¬ 
ceeded in two stages: First, a hydration of the cellulose with 
the formation of a hexose according to the equation, C6H[io06+ 
H 2 O C 6 H 12 O 6 . From the hexose, carbon dioxid and methane 
was formed (C 6 H 12 O 6 3CO2 + SCFL), or perhaps acetic acid 
was an intermediate product and then carbon dioxid and methane 
were formed according to the equation, CH3COOH CO 2 + GIL. 

In 1889 Schlosing published his quantitative results of the 
investigation on the decay of manure. He collected the gases 
given off in the course of two months in the decay of manure and 
analyzed them. He concluded that the change was similar to 
alcoholic fermentation. 

Three years later the work of Herbert appeared. He inoculated 
5 per cent, solutions of potassium carbonate or ammonium car- 
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III the layers in whieli then* was f*fiiiHifirni!ilr ns may 

h(‘ scam, the* iinminit nf ecaiihiistihli* pn giicm nf %\u> zen#, Iml in 
thc‘ miclclle and Icnver layers ef the nntmire liniji fin* reHiilfla^r 
nH*thanc* was nvc*r half of the i^asefaiH finutiirf, Similar ri'‘ai!ls 
WCTC* ohtaimal hy (hiynm who studied the cdiaiip-*^ re*ailtiii|: with 
a limifed and free* a(‘ec‘,ss nf air and fniind fliaf iiiefliiiiie was obtitini^d 
in nmeh lari^cT cfiiantiticss \vh<*ii the air had been e\rltid**d. From 
this, hcM‘om'ltidc*d that na*thitiie IVniieiifatimi is due fi» an aiiiterobie 
organiHrm 

Fn^eecling this work was that nf \'aii Semis, whn fmiiid that 
cotton and plant tissiass w’<*re dia’onipoHed In iiiic'nwirpiiii.Hins with 
tin* formation of carbon dioxid, nietliafie, hiilrogcii, inityrie iieid, 
ac‘(‘ti(‘ acid, alcaihol, iildcdiyd and a trace nf the liigh«*r taffy acids, 
lb* thoiiglit the incfhitne was b»riiicd tliroiigh the rediietiini of 
ae<»ti<» acid hy nicinis of hydrogen. lit* eoiisidered the* aeticai as 
htiiig brought ahout by two orgaitiHiiis oiii* the* iiiii>lobacicT of 
Treefii, ami aii<»ther vc^ry small biicilliis ivhieli he had isolated from 
tlu* aliincmtary cainal of a rabbit, lb* eoiiHidfi*ed fliai flaw acted 
by means of an excTcdecl enzyme, ^vliieh he preeipitirted In means 
of aleoliol and found an inineoiis solution of tla* same had the 
power of de<*oiii|Kising eciliiloM*. 

Work of OmoliaBskis As may be* seeii from fin* pfeeediiig brici' 
summary of the work, praclieiilly nil flint had beem done* on the 
Hubjeet prior to 18 !la was direc*ted at ii stud.v of the ehemiHfry of 
the preresH and littlct had beam done in tr\iiig to isolnte in 
purci ciiltnrc*H itie siM*(ifie organism or orgniiisniH whieh hiid the 
property of dec'omposing ciiliilosm It was lit this point that the 
work was taken up hy OmcdiitiBki, mdio htiiclied I’ery eitrefii!I\' the 
chemieal and bac*tc*riologicad phitm»s of f*elliilosi* fermentiitiom 













Moh’rnoi.ijar am> i^i/\s/()i,ni;y :{:!l 

In lii.s work, Ihc Inllowiiif' nicdiiini wiis used: 

Pofphohi^Ijat*' I 

Maruf-Piiti ‘"ulijljalr . f 

StHliiaH rhiuiid {nin* 

Hairr . . , ICHIOf.f. 


In soinv liP Ihn aininoniuiii salt witli tl.a par (-nnl. 

asparaixin, I fH*r cm!. pcpfcnH*, cir tl.l par cent, hear extract. '^Flic 
MiluticaiN \\f*rc placed in flasks c(aitaining filter [aiper and I hen 
in(K*!iIat(*d. Ina>inn<*lj as tin* iiHiihati«»n [lerind of cclluhcd* fer- 
nientatinn is and \arial»!<\ la* found it best tc» seed witli con« 
siderahle c^f the ori^anisni. OrdinariI\', this was done hy taking 
a small piece of the decxanposiiig pafier from an old c'ulture. 

Somi after iiiofiilaticm there was o!KS(*rved a. slight turhidity 
in the* flask"’-, dlieii the paper thickened and assumed a dccaiyed 
appearance. It wns eov(‘red witli little speckerl phu’cs u her«* it 
had heeii de<'<anposed h\' the organisms, '’rhis lattm* apfH*aritnce 
varied; at timf*^ the hoh‘.s were large and few, and at other tiiiicH 
they were sinali and \-cr\ mimcrous, At still other time’s the 
paper seeifiefl te> fliieketi and then t(* fall to fne’ees. At the end of 
the process there remained a. residue* mitirc’Iy difleretif from the 
original paper. In ohl cnllnres the white appexaranee of tin* paper 
hail disappeared ami it had take*n on a yellowish brown color, 
wliieli often appeared «’ven in the snrronmling solufinm ddn* 
gases given off had the odor of det'a\ed elu’ests At the height of 
the process particles of filter paper W’ere carried to tlie surface of 
the licpiid In the gas, dlie above deseription apfilies to the proeesHH 
as broiiirhf jdafiit 1 a both the Itydrogeii and methane organ¬ 
isms wfiieli (hiifdiaiiski siieeeeded in iMdiitiiig in pure eulflircH by 
the method of refaiifed healing i7*T (\ for fiFti*en mimitcHi, which 
i-. based on a fliffereiiee in the lib* hisfoiw of the two organisms. 
d1ie iiietiiaiie iVriiimitiitimi f»rgjinisiii develops mc»re nipidl\ than 
the Ollier variet\ and giiiiis the siipreimu’y in flic earl\ f^tages of 
fill* process. If beat be applied it! I his stage the moref4<»wly gernii- 
iiafifig s|M#ri'»s of file liydrogen-fmanentiiig organism, being in a 
reMiHliiiit Htiige, htirvixax 

MorpMoff md Physiology. A nrnTo-H(*opie exaiiiination of the 
liydrogeii feriiimif reveals the following: In the young eulfnre the 
bac'illiiH is about tl.o in widtii and frmii 4 fc? H /i in leiiglln In 
old eiilfiires they are from |0 to lb g in length. 44ie\ neier oc-eiir 
linked together in elmiiis but appear as ':4iglitl>' bent rods. In 
hfill older eiilttires they lidic the driiinstiek form wliieb gi%'nlnall\ 
develops info ii round abcait l.b in diameter, 41ie\ are 

readily stnined by the aniliii dyes. In f4d culture. tlie\ gi\e the 
elianieterihtie colors for the sport* and surroniiding dmafb wifb 
earbold’iiefisiit mid iiiefbyleiie blue. 41ie\ are not faiiiefl blue 
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with ioclin, and ('ouscnjiH^iifly ara cliliVnait fnnn tlir aniyl*»hac*t«‘r 
(>r dV(‘rul. No yTcnvth oac-urs usually in thn (U’dinan <iil!ural 
ni(‘(lia, thoui^h Oninliauski has ul)snr\*ed on muuo 'CH‘oaHij>n.> vary 
uiiiuite traiislu<*(‘nt (M)l()nin.s on ]H)tat<H‘S. 

'lliis investigator (‘arried out (fiiantitativo doternunations of the 
suhstaiH’os yi<*I<l<‘d hy tfi(‘ orf^anism. It was done in flasks eou- 
taining y>0{) e.e. of a iiiincu-al salt solution cauitainin^ f‘alc*iuin ear- 
hoiude a.nd Swedish filter pa|H‘n dlie Ihisks w<*n‘ iiiociilatt*d 
witli tia^ organism ami ineuhated for tliirteen months. On analysis 
flu* following r(*sults wen* ohtaim»d: 

Hraiily«g 

C ’c’lhilow* at hfwniiinic of 3.474.'! Faffy L* 34112 

<'<4hiloHi* at «*nd of pfrioU . , IF 1372 f *firUjiii a ff722 

noronipr»K('U ...... .'!..*i47I fI.v>lro|i:>‘ii II ill .IS 

Ohief among the fatty aiids yii*lded wen* aeetie, hntyrie, and 
valeric* a<‘id. Besides these tliere wc*n» tritees of the* higher ac*ids 
found. 

The* fmdliaiie fermemtation, ac’C’ordiiig to OineliaiiHki, takes 
plaet* if II flask eontaining filter pape^r, lime and a iiiintTid neutral 
Holutiou he* inoc‘uIat<*d with mud or fresh horse mnniire and kept 
midc‘r anaerohic* eonditions at a temjMTalure of from *17 to .'17"' O. 
Aftc*r a short time* a ean*ful <*xamiiiatioii of the filtcT pii}«‘r n*\‘ealed 
num<*rouH haeilli. By snc'c^esHive suheulturing. while the met ham* 
fc*rmentation wins at its lieight, the fiydrogeii feritif*iil was soon 
(‘liminated. dlii* methane organism is rod-sliiiped, slightly more 
!H»ni than the hydrogt*n ferimutt. It iit*ver develops in eluiins, 
hut in old ciiltun‘H iiHsmiies the* typieni driiiiistie'k form with ii sfiort? 
in the (*nd. The organism is 0.4 g in width and o g in length. It 
is not staim*d him* hy iodine and henee is diflVrent from the iiniylo- 
hiu'tcT of'Tna'fik From this if may lie seen fliiif liotli tin* \‘egetafive 
c’c4I and spon* are slightly Hinaller tliitn the liydrogen femient. 
Though mor|>hologicidly very siniiliir, physiologieally they are 
very dilfen'iit, since one yielded hydrogen iind the other inetliiine. 
This is shcmii hy the cpiantitative stiiclic*s of Oiiieliiniski. They 
wc*re cmndneted in oOO e.cF flaskn c*ontainirig LkfMfHn gins, of Swedish 
filter paper, 4.fl4H2 gmn. of ealeiijiii eiirhoniife, am! a fll jK*r eent. 
solution of ainmoniiirn HiiIphatiF Hiey were inoeiilfili^d with OJIld 
gm. of filter papc*r from an old etiittire. Over one inoiith i4iipHed 
before ferinc»ntation !>ec*aine |H*reeptihle ami even then if wim very 
slow as is shown liy the? fuel that the gitseoiiH tnaferiid ctvolved 
never exc-eeded Id <\<\ in twenty-four hours, am! iit the end of 
four and a lialf months had dropfMMl to flilj emv for tw*enty-foiir 
liours* The resulting gas was mainly earhoii dioxid and methane, 
0.7146 gm. of the C!arlM>ri dioxid and 04372 grri. of the methane. 
In the flask there remained only ii smuli itmmnit of eelltilom? hut 
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a large amount of acetic and butyric acids. In fact over one-half 
of the decomposed cellulose had been transformed into these acids. 

Later Work on Cellulose Fermentation.— Later work which has 
been carried out by van Iterson has shown that there are certain 
of the non-sporeforming, denitrifying organisms which have the 
power of decomposing cellulose. In the presence of nitrates, the 
chief products are nitrogen and carbon dioxid. According to this 
investigator, the decomposition is brought about by Bacillus ferru- 
gineus, which is the chief cause of the brown color of humus due 
to a pigment formed from cellulose by this organism. 

Recently Kellermann and McBeth have questioned the work of 
Omeliansld. While they admit the great importance of these 
organisms in the formation of humus in agricultural soils, they 
claim that the organisms described by Omeliansld were not pure 
cultures and furthermore that cellulose is decomposed under 
aerobic conditions. These investigators have isolated thirty-six 
species from various sources. These were found to be much more 
active than the ones described by Omelianski. They were all rod¬ 
shaped organisms varying in length from 0.8 to 3.5 At. Involution 
forms have been observed for only three species. Five species 
have been found to produce spores. Twenty-seven species are 
motile; of these, seven are pseudomonas and twenty are bacilli. 
A few are facultative anaerobes. The optimum temperature lies 
between 28° and 33° C., but they grow well from 20° to 37.5° C. 
They grow readily on solid media such as beef agar, gelatin, starch 
and potato. Nineteen species liquefy gelatin. They rapidly 
decompose cellulose and other carbohydrates with the production 
of acids, but none of the organisms so far studied produce a gas. 

Function.— It may be well to call attention to the great part 
taken by this class of organisms in returning carbon to the atmos¬ 
phere. This is especially the case with the material which passes 
off in the sewage. In septic tanks there are millions of these 
organisms busy changing the most resistant organic matter into 
gaseous products, and many large cities today depend upon this 
for the disposal of their sewage. Organisms also take a great part 
in the purification of a city’s water supply. They also take part 
in the formation of soil humus, as was pointed out by Omelianski 
when he gave the general reaction, 2C6Hio06 5 CO 2 + 5 CH 4 + 2C, 
and he says, ''It is possible that a general reaction of this sort 
forms the basis of the universal processes of humification, that is, 
the gradual transformation of organic substances into a mixture 
of brown and black substances with a high content of carbon, such 
as is characteristic of fossil coals. But whatever the mechanism 
of these transformations, the active participation of microorgan¬ 
isms in the latter cannot be denied.’" 

The cellulose ferments break the plant residues into less com- 
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plex organic compounds whic'h arc fcrmmfcsl lo oilier orgmii‘’iiis 
with the gemmation of large' (|uanti!ic-> of organic acid -. Hicsc 
would react with th(‘ inin(*rals of (he .oil rcialcrtng litem matlahlc. 
This is very likc'ly tlu' (‘ause' of flic good rc*^.i}lf. ohiaiiii'd fi-fun raw 
rock phosphate and stahh' nianiirc on [djie fthorii «pof>r •oil. Thi* 
fennentation of th(' ('(‘llulost' \i«*ld. acitl^. whioh rciidi*r .oiiihlc 
the ]>hos])horus. This fonnafion e»f acid niai at tinic% Itouiwcr. 
become excessive', giving rise' to flic MHir Imiiiii:. of niooiv and 
heaths. 

Jt is wtII known that <ht‘ hu'inciilalioii procr.M*-. in the 
resulting in the de'composifioif eif fa'ganic inaffcr iiia\ giic iT-c to 
large quantitie'S of carbon dio\id, met ham* and liidrogcm Hn* 

hydrogen and metlianc do no! all pav^ info ihr iifiinoplicrm laif 
according to the' re‘se*are*he‘s of rcccnl iinc-figafor. I’nrfii-di cnergn 
to nuiruTems soil organisms, the* impt»rfaficr of winVIi remnins 
almost wholly feir future* workeu’N lei develop. Tin* fir^u uork on 
this siihje'et was eleine* hy hiimemelorlF, who in Isfig found tfiiit 
hydrogen anel oxygeai may he* made lo imiii* under the ijffiiicncc of 
soil. Tie fe)une] that the e>xidafion of liufrogcn iia-, firoiighf about 
only by ne)rnial seal anel not by noiI prc\ ioiihK treaicfi ttiili dilnreo 
form vape)r. This eibscrvafion remained liiniofircd until recciilly 
when twe) papers appe^arenl one* b\ Kanorcr mid ific other In 

KSolmgen.wdiiedi throw cemsidi'rable* liglif on plia.o* of carhoii 

and lydre)g<m tratisfornuitioii. Tlici ii-cd an iiinrminic '.ohitioii 
containing dipotassinm plmspha(e% amifnaiitim chloiib mngiii-diim 
sulphate, sodium hiearhonafe*, ami a trace of fiTric chlinid. 
they inoenlateel with a small f(niiiifif\ of M»il and i-oitfificd in 
an atmos]>here cemsisting of a mi\fiirc of Ijidrogcm ox>gcn ami 
carbon dioxid. ^(Jremlh femk place and tin* fiulrogcii di4i|ifMsircfb 
The presence ^of a. small epianfit\ of carbon dioxid to be 

necessary for the elewedeipmeait of thv orgmiiHiic.. ami if woiihf 
appear that like the nitrifying hae*fcrni omi prodiii'c luictcrial 
protein inj'riorganie solutiems, deriving fheir mrinm from ciirfimi 
dioxid. 1 his re'aediem, ae*ee>re|if}g to f^ipiiniii, fit great ".ligiiificaiicc 
in agriculture, for a great lossoj cmerg% firm ciifcd In the lifn'tiwia! 
oxidation eif hydreigem formcHl in the deeper laicfN of flic by 
anachobie ferouaits. It also parfl\' roifiitcfiif»f^ ifni riipiil iftiiii*rii!i“ 
zation of eirganic materials, in that if Icmf. to the fommtiim of coim 
plex compounds from (*arbon dioxid, hxdrogcn mid o\\gcii. 

ICaserer and Solrngcm also obfained organiHiii:. f*apablc of iifili^iiig 
methane as the soh' sourci* of energy in fhoir lifi* procc^.s, Thr 
httev Hcniml pure culture of an orgaui.iii wliicli he 

nained Banllm wHlnniiriis. Whim grinvn in inorgaitic .oltilioiiH 
confined m an atmosphew of cmc-third iiicthmic -md tmm4liird:H 
air, it caused the disappearance of the niefhane mifli the {irodiictiori 
ot considerable quiuitifies qf argariic irifttiTiiil 
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The cellulose ferments also perform other direct functions in 
Ine soil, as for instance, the liberating of plant food which is bound 
in plant residues. Heinze has very recently ascribed to bacterial 
'Citivities much of the benefits obtained from summer fallowing. 
^ quantitative studies he found them to be more numerous in 
^llow soil than in cropped soil, and he thinks it to be due to their 
ctivities in rendering the cellulose more suitable as a carbon 
Upply for the Azotobacter that causes the increase of soil nitrogen 
^ fallow land noted by a number of recent workers. One of the 
P-ore important problems of today in soil bacteriology is the rela- 
f-onship between this class of organisms and other important soil 
i*ganisms, especially the nitrifiers and the nitrogen fixers. 
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CHAFTEE XXV n I. 

bacteria in air. 


Bacteria retiuire lor tticnr growth moLsfiiro, food, a Miifal 
temperature and iiHually tlie ahseiUT of^direot hiuilighl. ^ T 
moisture eonditions of the atmospIuTe at times may hi* optiim: 
for tli(^ growth and reproduetion of I)a(*teria. hut nom^ of tlie^otl 
eonditioiiH are. lienee, hacd.eria do not miilfiply mid grmv in f 
atmospliere as they do in water, soil and milk. Thesi* suhHfam^ 
may and do Iiave a natural haeterial flora, hut wi* emuiof mnisu: 
the^iir as having a dcdiniteone, for t lie nuinlHT and kind r-oiifiniKi! 
vary with many factors and there are s<*iireely two plac'cs h*t\i 
th(^ same niiraher and specaes of mic^roiirganisins. 

How Bacteria Enter Air. -Tlie eiirtli is surrounded hy the iitim 
phercc whieli when *dooke<I at as a whole, its ealiiH are e\eeptioni 
and its movements are th(^ rnl(\ Wc* may find tlie gentle hree: 
tlie cyc‘loni<‘ wind or the restless tornadcn hut idways aetive. Tin 
movnmmts do not csmfine tlimnselwH to horizoiifid patios hut I 
gases rise and plungic pursue* Iiroad eairves and narrow npirah^. n\ 
would present to an <*y(^ that eoiilrl H4*e them from alio\e 
tumult like the s(‘a in storm/’ In all this acdivit\ it in pieki 
up hits of sand, organii* matter and oftfuitimi^.H even water. Tlir 
eontain mierocirganiHins wliie*h are earned info the air aiifl im 
subside witli the parti(*lc* to whieh tliey adhere* or heroine fr<*e m 
float about for a piTiod. 

As the waters of the o<‘(*an, lakes, rivers ami smaller streams he 
against some harricT the fim^ spray so formed mrrhm info the j 
bacteria, as do also the hurrying fe^et and rattling ivhei'lH in 
crowded street. FurtluTinorc!, individuals speaking or fsitigliii 
force from the moutii immeroiiH hiieteria wdiich for ii lime help 
make up the miiTohial inhabitiints of tlie atmosphere. 

Number and Emd.-'The niimlier iind kind of orgiinisiiiH fotii 
in the air an^ governed largidy by the locality. They are im: 
plentiful in densely populated areiis and within buildings Hm:h 
ehurches, theaters and other where a large number of peoj 

congregate. Mique! found that as an averagi* I cnihie metcTof iiirfro 
the streets of Paris eontained 348(1 bacteria, Iiiborat,or\* air, 74ti 
the air of old house's 3(),(XKh whemis the air of the 
contained 70,CKK) liacteria in ! embic meter. It is<|iiite evident fro 
these figures that air of inhabited clistricts ecaitiiins inaiiy hiirteri 
These arc carried on the dust particles. It docn not, howcvi 
always follow that the number of biieteria in the iiir is an mu 
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measure of the number of dust particles. An examination of 
the air of the London streets showed it to contain between 300,000 
and 500,000 dust particles per cubic centimeter, but there was 
only one microorganism to every 38,300,000 dust particles. The 
number of species present will vary with the locality, but probably 
in the majority of cases it is not great. Fischer states that an 
examination of the street dust in the city of Freiburg showed it 
to contain from five to seventeen different species of bacteria in 
1 gram of dust which contained from 24,000 to 2,000,000 organisms 
per gram. Graham Smith found at the top of the Clock Tower of 
the House of Parliament in London only one-third the number 
of bacteria that were found at ground level. Whipple found 
1330 bacteria per cubic foot in air at street level, while at the tenth 
story of the John Hancock Building in Boston the air contained 
330. 

Factors Governing Number and Kind.— The sprinkling of the 
streets greatly increases the number of bacteria in the dust, but 
it decreases the number in the air. This is due to the fact that 
the moist particles are not dislodged and carried into the air as 
freely as are the dry. 

The air of the country contains fewer bacteria than does the air 
of the city. Miquel found as an average 300 organisms per cubic 
meter of air taken outside the city of Paris and 5445 bacteria per 
cubic meter of air taken within the city. 

The number of bacteria in air over oceans is low and varies 
with the nearness to land. Close to shore there are often very 
many, while at great distances from land the air may be free from 
bacteria. 

On mountain tops, in deserts, and in other uninhabited regions 
the air is nearly free from bacteria. The classical illustration of 
this fact is found in the experiments carried on by Pasteur to 
refute the doctrine of spontaneous generation. He exposed flasks 
containing organic infusions in various localities. Of 20 sudi 
flasks exposed to the air of Mer de Glace 19 showed no contamina¬ 
tion. In similar experiments Tyndall exposed 27 flasks containing 
beef infusion to the air of the Aletsch Glacier (8000). None 
showed contamination, whereas 90 per cent, of a similar number 
opened in a hayloft did. 

The number of organisms in air decreases with the altitude as 
well as locality. Jean Binot did not find a single microorganism 
in 100 liters of air taken on the summit of Mount Blanc. The 
number rapidly increased on descending. 


On the summit.0 

At the Grand Plateau.6 

At the Grand Malet.8 

At the Place dc Taiguille.14 

At the Mer de Glace.23- 

At Montanvert.49 

22 












338 


BACTERIA IN AIR 


The number of bacteria in the air varies with the season, increas¬ 
ing from winter to summer and decreasing from summer to winter. 
There is also a marked decrease in the number of bacteria in the 
air after a rainstorm. The rain carries them to the ground and 
also moistens the surface so that particles of dust are not carried 
into the air by every breeze. But the added moisture of the soil 
greatly increases the speed of multiplication so that later as the 
surface soil dries out more dust and with it a greater number of 
bacteria are carried into the air. It is also true that the number 
of microdrganisms in the air decreases in the winter months not 
because cold is inimicahto the life of the microorganisms—for just 
the reverse is true—but the conditions are not as good for them 
to find their way into the atmosphere. This is due to the fact that 
the soil is covered with snow or the greater moisture prevents 
the dust from being carried into the atmosphere. 

It is quite evident that there would be a relationship between 
the number of bacteria in the atmosphere and the climate of that 
region. Bacteria would multiply rapidly in the soil of a warm, 
humid district and these in turn may be carried into the atmosphere, 
but the rains would quickly wash them out. Hence, there would 
be a great variation in a short time, whereas in an arid region the 
number in the air may be smaller but will not vary as greatly as 
in the humid region. 

The stay of the bacteria within the atmosphere will vary, depend¬ 
ing upon a number of factors: 

1. The hardy spore-forming saprophytes may remain suspended 
in the air for days or even weeks, whereas the frail non-spore¬ 
forming pathogens soon perish due to either drying or the steriliz¬ 
ing action of the sun's rays. 

2. Small particles settle out more slowly than do large ones, 
for as the size of an object is decreased the surface area decreases 
less rapidly proportionately than does the volume. Hence, those 
bacteria which are floating free in the atmosphere would subside 
more slowly than those attached to dust particles. 

3. The time of suspension is also determined by the velocity 
of the air current. Organisms settle out of a still atmosphere 
more readily than from one in motion, whereas it may require an 
air current of considerable velocity to dislodge microorganisms 
and bring them in suspension a slight current will sustain them. 

4. Moisture in the atmosphere tends to cause particles to adhere 
together and as they grow in size the tendency for them to settle 
out is increased proportionately. 

5. Although the air of London and many large cities contains 
numerous particles of dust, the number of living organisms is com¬ 
paratively small as the various gases thrown into the atmosphere 
have a slight germicidal effect upon the bacteria. 
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Bacteria in Inspired and Expired Air.— Inasmuch as the atmosphere 
contains numerous bacteria it is to be expected that many will be 
inhaled with the inspired air. It is estimated that a person living 
in London breathes about 300,000 bacteria each day and individuals 
living in other districts may take many times this number. Most 
of these are harmless and are caught on the moist mucous mem¬ 
branes of the upper respiratory passages, very few finding their 
way into the deeper alveoli. 

The expired air, during normal respiration, is practically free 
from bacteria. But during the acts of coughing, sneezing and 
speaking the air is forced out and with it bacteria, some of which 
may be pathogens and if inhaled by a second individual may give 
rise to the specific disease. 

Air-borne Infection.— The air has long been considered as the 
chief vehicle for the spread of communicable diseases. This 
was but natural, for until recently the virus of these diseases was 
believed to be gaseous or at least readily diflusible and borne by 
air currents. After the bacterial nature of disease was discovered 
and it was found that the discharges from the nose and mouth of the 
diseased body often contains the causative organisms, and hence 
could readily find their way into the air, this was a favorite 
method for explaining infection. Recent work, however, has 
demonstrated that the pathogens do not long retain their vitality 
when free in air, and where infection is conveyed by air it is due to 
dust or droplet infection. 

Dust infection occurs only in the case of those diseases caused 
by organisms which can survive considerable periods of drying. 
The most important is that of tuberculosis and is here confined to 
rooms and dusty places which have been occupied by careless 
consumptives. The extent to which dust is a factor in the trans¬ 
mitting of disease is not well known, but it probably is not great. 

Flugge and his students were the first to demonstrate that 
minute droplets may be emitted from the mouth during talking, 
coughing and sneezing. The droplets may be carried in a quiet 
room as far as twenty or thirty feet. The large ones soon settle 
out, whereas in the smaller ones there is a great tendency for many 
pathogens to perish. Hence, droplet infection is conveyed only a 
few feet. 







CHAPTER XXVin. 
WATER BACTERIOL()(JY. 


Common things are often little prized, and this is cii w ater. 
Yet there is no other compound which plays so many and hin’li 
vital parts as does this substance. It composes two-thirds ^d^the 
body weight, entering into the make-u]> oi evc^ry tissin*. I he 
muscles which do our work contain 75 per cent, water; the 
which acts as the body protector against poisons f‘oiisists of /o 
per cent.; the bones, which possess a tensile strongtli cit 2ojKKI 
pounds per square inch and are one and one-fourth timf‘s as strong 
as cast-iron, consist of 40 per cent.; the brain, the most eoinplieated 
and wonderful organ of the body, consists of 85 to 00 per <Tnf.: 
the blood, that cosmopolitan fluid which visits every tissui* ot tlii^ 
body bearing to it nutrients and from it waste prodnc-fs. contiiiiis 
over 90 per cent, water. All the secretions of the digestive glands 
consist mainly of water, and it is not there niendy as a vchiele in 
which are conveyed the active principles, for it enters into practi¬ 
cally every chemical reaction through which earl K»hydrab*s, fats 
and proteins pass in the process of digestiem itrni rrudabolisiii. 
It is the fluid in which are held the mineral nutriemts wliieh pin} 
such a vital part in the life phenomena. Wat(‘r gi v<*h tc^ flic i issin^H 
their plumpness, carries off waste products, regiilatf*s the body 
temperature and acts as a catalyzer in most reaediems. a 

substance which is of such vital importance and sci often polliitcfi 
or infected must receive more than passing n(>ti(*c» by the hneteri- 
ologists. 

Classification of Waters.— From a l)acteriolo|gi<’al viewpoint, 
natural waters are best classified according to their r<*Iafion to tlie 
rich layers of bacterial growth upon the surfacci of the eiirtli. There 
are four distinct classes: (1) Atmospheric water, (2 } Hiirfac'e waterH, 
(3) stored waters and (4) ground waters. 

1. Atmospheric water consists of rain and snow. If is renlly 
water which has been vaporized and then condensc*d. It cainfniiiH 
none of the non-volatile substances and should, therefore, more 
nearly approach pure water than any of the other iiafiiritl HfUirc’en. 
But even this is far from pure, for as it falls through the iitmosplieri* 
it absorbs gases and collects large amounts of floating dirt. Every 
one has observed how a shower will wash the air so that it hf*c»oirie}i 
beautifully clean and clear, The minute the water reiiefies the 
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earth further contamination occurs and it is a well-known fact 
that some of the filthiest water used for domestic purposes comes 
from rainwater tanks.' This is due both to the methods of collect¬ 
ing and of storing which pollutes but usually does not infect it. 

2. Surface waters include rivers, creeks and smaller streams 
and are immediately exposed to contamination. They vary 
greatly in composition, depending upon the nature of the catch¬ 
ment basin. Waters flowing through rock, gravel or sand forma¬ 
tion are better than are those which flow over or drain loam or 
swamps. But even the waters from sand and gravel regions may 
be polluted or even infected, depending upon the relationship borne 
by the drainage basin to animal life, and especially to human beings. 
In the thickly settled portions of the country and as the new dis¬ 
tricts build up these waters must be more carefully protected. 
Sanitary workers are being forced to the conclusion that it is 
impossible to protect such waters against contamination, and as 
far as possible such waters should be purified before they are used. 

3. Stored waters include lakes and large ponds. These, when 
fresh and kept free from the pollution with the wastes of human 
life and industry make admirable sources of water. On account 
of the limited area of the drainage basins they are more easily 
protected than large streams. Moreover, the natural agencies 
for purification—time, sedimentation and enormous dilution—play 
a great part in freeing the water from any accidental foreign material 
which may find its way into the water. 

4. Ground waters are of two classes: (a) Deep springs and 
wells, from which most bacteria and other suspensoids have been 
removed by filtration. Such waters in passing through the soil 
take up large quantities of carbon dioxid which has been set free 
by the decay of organic matter. Water heavily charged with 
carbon dioxid has a great solvent action for lime and other inor¬ 
ganic constituents. Hence, while such waters are usually safe they 
are hard and carry large quantities of organic material. (&) Shal¬ 
low springs and wells correspond more nearly to surface waters 
and are often polluted and at times infected. 

Waters are also classified as polluted and infected. A good 
water is one of high standard quality, as determined by physical 
inspection, sanitary survey of the watersheds, clinical experience, 
bacteriological and chemical analysis^. 

A polluted water is one containing organic waste of either animal 
or plant origin. A polluted water is not necessarily a dangerous 
water but is always looked on by the bacteriologist with suspicion. 

An infected water is one which contains the specific micro¬ 
organism which causes disease and is always dangerous. The 
bacteriologist in examining seldom proves that a water is infected, 
but draws his conclusions from indirect evidence. 
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Numbers of Bacteria in Waters.—The bacterial content of the 
several waters varies greatl;^\ Atmospheric waters after a long- 
continued storm may be free from bacteria, whereas rain after a 
long drought may contain many. There is also a variation in the 
number, depending upon whether the rain is collected in the country 
or city. Miquel obtained for the period 1883-1886 an average 
of 4.3 bacteria per cubic centimeter in the country and 19 per 
cubic centimeter in Paris. Snow contains rather higher numbers 
than does rain. Janowski found in freshly fallen snow from 34 
to 463 bacteria per cubic centimeter of snow-water. 

Surface waters are never free from bacteria, but the numbers 
vary greatly from a few hundred, in the case of clear mountain 
streams, to millions, in the case of the sewage polluted rivers. 

The number varies with the turbidity of the stream. The 
Thames River carries 277 bacteria per cubic centimeter in April, 
whereas the Illinois carries between 6000 and 8000 per cubic centi¬ 
meter. The number also varies with the season of the year. In 
May the Potomac River carries about 750, while in March it 
carries 11,500 per cubic centimeter. The number is increased 
when the drainage basin is manured with the various animal 
manures, as it is also by the entrance of sewage into the streams. 

The bacterial content of lakes is usually lower than that of 
streams, but shows wide variations. Lake Michigan near Chicago 
gives count for from 68 to 2000 per cubic centimeter, while Lake 
Lucerne’s variation is from 8 to 51 per cubic centimeter. 

The same wide variation is shown in ground waters. Shallow 
wells and springs often contain as many and just as dangerous 
organisms as do surface waters. But deep wells and springs contain 
few organisms, and it is not an uncommon experience to find some 
which are sterile. 

The seasonal variation of bacteria in deep wells and springs 
is zero, and where we have seasonal variation in these sources of 
water it indicates surface contamination, and with shallow wells 
and springs it is often enormous. 

Surface waters are subject to marked variations in bacterial 
contents, especially during spring and fall, due to melting snow 
and rains of these seasons. A heavy shower is likely to increase 
contamination by introducing fresh material from the surface 
of the ground. Prolonged moderate rains may have the opposite 
effect and after the main impurities have been washed away may 
dilute the stream with a better water than itself. The net effect, 
therefore, depends upon the character of the stream as well as the 
catchment basin. A stream highly polluted with sewage may 
actually contain fewer bacteria after a heavy storm than before, 
but a normal stream contains more, as emphasized by the following 
data compiled by Prescott and Winslow: 
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MONTHLY VARIATION OF BACTERIA IN A NORMAL AND POLLUTED 

STREAM. 


Date, 1904. 

Bacteria per c.c. 

Bacteria per c.c. 

Lahn 

(normal). 

Wieseck 

(polluted). 

Date, 

1904-05. 

Lahn 

(normal). 

Wieseck 

(polluted). 

July. 

318 

104,000 

December’ 

1220 

21,200 

July. 

132 

156,800 

J anuary’ 

3668 

29,920 

August. 

840 

98,000 

February’ 

5380 

11,900 

October’-. 

1 235 

28,400 

March’ 

1210 

8,250 

October’-. 

420 

58,000 

April’ 

4925 

5,910 

November 

i 2340 

39,200 

; May 

570 

14,800 

November^ .... 

, 1740 

52,000 

June 

686 

50,180 

December .... 

780 

1 

i 28,600 


1 



Sedimentation.—Bacteria disappear moi’e rapidly from still or 
slow-flowing streams than from rapid-flowing streams, due to the 
fact that the transporting power of a stream varies as the sixth 
power of its velocity. A current moving six inches a second will 
carry fine sand; one moving twelve inches a second will carry 
gravel; four feet a second, stones of about two pounds’ weight; 
and thirty feet a second, blocks of three hundred and twenty tons. 

The sedimentation of bacteria themselves takes place very 
slowly even in still water, for the difference in numbers between 
the top layer and the bottom layer of water in tall jars in laboratory 
experiments of_ a few days’ duration is very slight, being quite 
within the limits of experimental error. In the natural streams 
however, the bacteria are, to a great extent, attached to larger 
solid particles, and upon these the action of gravity is more import¬ 
ant. Sedimentation is one of the most important factors, according 
to Jordan, in purifying waters. He states that “it is noteworthy 
that all the instances recorded in the literature where a marked 
bacterial purification has been observed are precisely those where 
the conditions have been most favorable for sedimentation.” 

Light.—Light is one of the best germicides, for when it plays 
upon the naked protoplasm of the bacterial cell it kills both vege¬ 
tative and spore forms in a short time. Opinions vary, however, 
as to the part played by light in destroying bacteria in natural 
waters. Buchner found that plates containing B. tnharculos'is 
were sterilized in four and one-half hours at a depth of five feet, 
but were unharmed at a depth of ten feet. Plates exposed at 
various depths and containing various saprophytes gave the fol¬ 
lowing counts after three hours: 


^ Rain or high water due to previous thaw. 
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Before exposure 

At surface of water (per c.c.) . . 2100 

TJuder 20 inches of water (per o.c.) 2103 

Uuder 40 inches of water (per c.c.) 2140 

Few studies have been made of the eflect of light on l)a(*t(‘na in 
flowing water. Jordan, after an investigation of s(‘V<Tal Illinois 
streams, concluded that at least in eight moderattJy turbid wat(*rs 
the sun’s rays are virtually without action. Much, tliereforcs 
depends on the turbidity and speed of the curr<‘nt, ihi) inaAirniiin 
germicidal effect being produced in shallotv, (tl(‘a,r, slow-inovinf^ 
water. 

Temperature.—The action of temperature upon the })act(‘ria varices 
with the food and specific organism. When they are in a inediiini 
in which they can grow and multiply, wuinnth within reasonable 
limits favors their development. This is true of th(^ luitural ba.<*- 
terial flora and may, as was found to be the cune at Tlarrishurg. 
Pennsylvania, hold for B. coli. But this does not liold for tlie 
pathogens which in the majority of cases do not multiply in wat(u% 
and, as pointed out by Prescott and Winslow, ‘SvIkui a ba(*leriuni 
cannot multiply, the only vital activity which <‘an takc^ is 

a katabolic wasting away, which soon proves dc^stnuffive, and thr 
higher the temperature the more rapidly the fatal n^sult is rc‘a(‘li(t<b 
A frog in winter lives at the bottom of a })ond breathing only 
through its skin and eating not at all, but as soon as tlie t(un])erat.ure 
rises it must eat and breath through its lungs or ]>(Tish.” Thv 
typhoid bacilli will survive longer in ice than in W'ater. The 
speed with which they perish varies inversely with th(i temperature, 
as was found by Houston. 

PercentaRCi of typhoid Period of linn! 
bacilli surviving disappf»araiicr.i of 


Temperature. after one week. bacnili, wcselcB. 

0 . 40.00 9 

5. 14.00 7 

10.0,07 f, 

18.0.04 4 


In the natural-occurring waters probably many faefors ])lay a 
part; sometimes it is the inhibiting action of microfirgani.sins find 
their products on one another; at other times protozoa which feed 
upon bacteria and the development of which is directly iiroportioiud 
to the temperature of the medium in which they are growing. 

Hinds found that in pure, natural and distilled water B. coll 
and B. typhosics die from starvation at a regular rate. 'Fhc rat<‘ 
of death increases with the temperature and is similar to the rjiUt 
of a' chemical ruction, thus following the mono-molecuhir law. 

Food.— Bacteria are dependent upon food and re.spond (luickly 
to comparatively slight changes in their food supply. WheeliT 
found that typhoid bacilli would persist in almost undiininished 


Sunshine. DiirknesB. 

9 3103 

10 3021 

2115 .3103 
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numbers in sterilized water from a polluted well containing con¬ 
siderable organic matter and kept in the dark at 20 degrees, while 
in purer water or in the light they died out in from two to six 
weeks. In unsterilized water the results may be just the opposite, 
for in the presence of an abundant supply the saprophytes may 
multiply at the expense of the pathogens. 

Whipple and Mayer find that the presence of oxygen is essential 
to the existence of typhoid and colon bacilli in water, and even 
small quantities of acid and alkali are fatal. It is for this reason 
that we find few organisms in acid and alkali water of various 
regions. The factors, therefore, which are at work on the puri¬ 
fication of water are numerous, and ''although it is hard to estimate 
the exact importance of each factor, the general phenomena of the 
self-purification of streams are easy to comprehend. A small 
brook, immediately after the entrance- of polluting material from 
the surface of the ground, contains many bacteria from a diversity 
of sources. 

"Gradually those organisms adapted to life in the earth or in the 
bodies of plants and animals die out, and the forms for which water 
furnishes ideal conditions survive and multiply. It is no single 
agent which brings this about, but that complexity of little-under- 
stood conditions which we call the environment.'' 

Classes of Bacteria. ~The bacteria found in water may be roughly 
classed as: (1) Natural-water bacteria, (2) soil bacteria and (3) 
sewage or intestinal bacteria. There is no hard and fast line 
between these classes, for organisms belonging to the water flora 
are found in the soil and water draining from manured soil will 
contain intestinal organisms. The classification, however, is valu¬ 
able; for the first two groups usually contain the saprophytes, 
whereas the third contains the pathogens. 

A number of attempts have been made to classify water bacteria. 
Ward, in his study of the bacterial flora of the Thames River, 
arranged them into twenty-one groups. But the work is beset 
with certain difficulties which were recognized by Ward, for he 
made the following statement: "My work goes to show that 
species cannot be made out, but that the limits of the species are, 
in most cases, far wider than is assumed in descriptions—in other 
words, that many so-called species in books are merely variation 
forms, whose characters, as given, are not constant but depend on 
treatment. How far this is true for any given case will have to 
be tested on the particular form in question." 

Fuller and Johnson, from a study of the bacteria in the rivers 
of America, suggested a classification containing thirteen groups. 
Their system was based mainly on morphological data, and hence 
they experienced considerable difficulty in differentiating short 
bacilli from cocci. 
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Jordan studied 543 strains of haeteria from the Illinois, ]\liss<yuri 
and Mississippi Rivers and ^rou])cd them into the following classes, 
depending upon their biochemi(*aI ])ro])(irti(^s: 

I. B. coli communis. 

II. jB. lactis aerogenes. 

III. B. proteus. 

IV. B. enteritid'is. 

V. B. fluoresceris Ivjuefaciens. 

VI. B. fluoresceris mmfliquefacieris. 

VII. B.suhtilis. 

Vni. Non-gas formers, non-fliioresctent, non-s]>oreforming bac¬ 
teria wliieh ]i(|uefy gelatin and acidify milk. 

IX. Similar to (iroup VII I, sav(^ that milk is rendered alkaline. 

X. Similar to (Iroup VIII, save that gelatin is liffuefied. 

XI. Similar to (Jroup IX, save tliat gelatin is not li(|uefi<*d. 

XII. Similar to (iron]) XI, save that the reaction of milk is not 
altered. 

XIII. CJiromogenic! baederia not included above*. 

XIV. ('hrornogenic staphylococci. 

XV. Non-ehrornogenic staphylococci. 

XVI. Sarcinie. 

XVII. Streptococci. 

The natural water flora are saprophytes and the most important 
members found were: 

Group V {B. fluoresceris li(fiiejacirns) is probably mor<^ often 
found in water than any other spe(!ies. It lif|U(dics gt^latin and 
produces a green fluorescence. 

Group VI (B. fluoresoem ])roduces coloni<\s with 

a fluorescent shimmer and does not li(|U(4’y gcJatiii. Thvy are 
often very abundant in river wat(*r. 

Group VIII: Organisms which li(piefy gelatin and acidify milk. 
These are closely related to the jjroteus group and somcj of tluiu 
arc B. liquefaciens, B. punctatus, B. cirmlaruf. These are found 
more commonly at some seasons tlian at others. 

Groups XIII find XIV: (diromogenic bacilli and cocci, llic* 
red-pigm(*nted B. prodigiosus belongs to this t^^x*, as clocks also B. 
ruher, B. indicus, B. ruhescens and B. ruhejaemw. 'Those* pro¬ 
ducing a yellow or orange pigment and belonging to this group arc 
B. aquatiluj B. ochracem, B. auraniiac^is, B. fulmis. At time.-* 
there occur organisms which produce violet-pignnait B. riolfirncH. 
The chrornogenic cocci occurring in watcT arc^ not so numcrcHi^; 
of these, Harcina lutea is the most c'ornmon sp(‘(ics. Tin* non- 
chrornogenic c^occi, which Jordan class(‘s as Group X\\ arc* mcm* 
numerous. 

Soil Bacteria.-“The flood waters arc* continually cairrying to the* 
surface waters soil organisms, so we may at times hud any of 
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the bacteria which occur in soil also in water. Many of these 
find this an unsuitable medium for growth and multiplication and 
soon perish. But some species, among which are B. mycoides, B. 
subtilis, B. niegatcrium and B. Mesentericus ndgatus persist for a 
considerable time. 

Intestinal Bacteria.—These are usually of sewage origin. To 
this class belongs a heterogeneous group of microorganisms which 
find their way into water from sewage. Many of them are true 
saprophytes and of themselves are not injurious, but their presence 
in a water constitutes a danger signal to the bacteriologist. This 
is especially true of the B. coli group of organisms, the natural 
habitat of which is the intestinal tract of the higher animal—man. 
Hence, whenever there is opportunity for these organisms to find 
their way into waters there may also be opportunity for the patho¬ 
gens which cause typhoid fever, cholera and dysenteria to reach 
the w’'ater. It is, therefore, certain that even a little sewage may 
cause much damage if it enters a water supply for only a few hours 
at rare intervals, but it is the slight continuous infections which 
can give rise to a prolonged outbreak of disease. It is well estab¬ 
lished that typhoid bacteria die quite rapidly in ordinary waters, 
and so far as known never multiply in such waters, as is seen from 
the following (Mills); ‘'To prove whether typhoid-fever germs 
would survive in the Merrimac Iliver water, when at the low 
temperature of the month of November, long enough to pass from 
the Lowell sewers to the service-pipes in Lawrence, a series of 
experiments was made by the Board by inoculating water from the 
service-pipes with typhoid-fever germs, and keeping the water 
in a bottle surrounded by ice, at as near freezing as practicable, 
for a month and each day taking out one cubic centimeter and 
determining the number of typhoid germs. The , number continu¬ 
ally decreased, but some survived twenty-four days. 

"On the first day there were 6120 germs. 

On the fifth day there were 3100 germs. 

On the tenth day there were 490 germs. 

On the fifteenth day there were 100 germs. 

On the twentieth day there were 17 germs. 

On the twenty-fifth day there were 0 germs.’’ 

At a higher temperature the life of the organism wmuld have 
been of even shorter duration. 

Our information in regard to the cholera vibrio is not quite as 
definite, but experiments indicate that it may multiply to some 
extent in sterilized river or well water, and that it maintains its 
vitality in such water for several weeks or even months. 

Natural Purification of Water.—Nature’s methods of purifying 
water are mainly: 
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1. Evaporation and condensation which gives the i)ur(!.st ol' 
natural waters. Millions of gallons of water are aunuaJl.\' (;viipo- 
rated from the surface of the globe. Thus, we lun-e an euorinou.s 
natural still by which water i.s constantly being purified in Natun;. 

2. The self-purification of running streams which although 
important is often hard to estimate quantitatively. It is duc^ to 
many factors, chief among which are: (a) Chemwal --the o.xidation 
and reduction of organic and inorganic constituents of the water 
with the formation of simple substances which are not well .siiiPal 
to the maintenance of life and growth of many forms of bacteria, 
and the germicidal influence of sunlight which is an imj^ortant but 
very variable factor, {h) iSiofogicaf—the death of microiirgaii- 
isms through various not well-understood conditions groujx-d under 
the heads of symbiosis, antibio.sis, time and various otluT nutans, 
(c) Physical—of which dilution and sedimentation arc the more; 
important. 

3. The storage in lakes and ponds which through tin; ])rolonging 
of the time of action greatly intensifies those factors at work in 
the natural purification of running streams. 

4. The combined physical, chemical and biological action of 
soil upon water which filters through the soil. 'Phis is om^ of 
Nature’s greatest purifying agents and .stands sc(s>nd to c\-ai)ora- 
tion and condensation in effectiveness. 

Artificial Purification. —Those methods which are so effe<-tiv(: in 
the purification of water under natural conditions are usually the 
methods which are made u.se of in the artificial purification of 
water. Only a few of the best known (;an be briefly cousidtired 
here. The student who is more deeply interested in the subject 
is rrferred to any of the many (s)mprehensive works on this subject. 

The slow .sand filter frees water from impurities through the 
interaction of sedimentation, filtration, and the biological destruc¬ 
tion of organic matter and bacteria. It has been extensively used 
for over one hundred years, but a great impetus was given to this 
measure when Koch, in 1893, showed that the i)roper filtration of 
the water from the Elbe Jliver saved Altona from an ejjidemic ot 
cholera which devastated Hamburg which was using uufiltered 
water. 

The method consists in causing water to pa.ss through a la.ver 
of sand of such fineness and thickness that the reejuisite^ removal 
of suspended substances is acccjmplished. The filter as usuall.v 
constructed is a ba.sin having a water-tight coiutrete; hiis (5 on the 
surface of which are laid jKjrforated tiles or piiKis. ’rhe.se are 
covered with about a foot of gravel graded in size from 2,b to .3 mm. 
m diameter from bottom to top. Over this is placed thr<‘e or four 
feet of sand which acts as the real filter. The water }ms.se.s through 
this and is conveyed to the mains by the underlying pipes. 'J'he 
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suspended material, including bacteria, is removed by the sand 
which becomes more efHcient as used, due to the rapid formation 
of a mat of finely divided sediment, in which protozoa often multi¬ 
ply, and assist biologically in removing many bacteria. In time the 
mat becomes very thick and the filtration although effective is 
unduly slow. The water is then allowed to subside below the 
surface and about half an inch of the sand removed, after which 
filtration is resumed. The sand removed is washed to free it from 
collected impurities and is later replaced on the bed after succes¬ 
sive scrapings have reduced the filter to about one foot in thickness. 

The filters are usually divided into units of convenient size, 
about half an acre, so that one unit may be cleaned without inter¬ 
ruption of the system. The slow sand filter removes about 99 
per cent, of the bacteria, about one-third of the coloring matter 
and its long effective use has established the fact that it has a favor¬ 
able effect upon the health of the community where used. 

Chemical Method.—The chemical disinfection of water on a 
large scale is now almost exclusively effected with substances 
yielding chlorin, chief of which are bleaching powder (chlorid of 
lime), sodium hypochlorite and free chlorin. The action of these 
substances is essentially similar and dependent upon the quantitative 
active chlorin which they contain. They are usually added in 
quantities sufficient to give from 0.5 to 1 part of active chlorin 
per million parts of water. 

The use of bleaching powder in the purification of waters is 
cheap, reliable, harmless and easy of application, which makes it 
an attractive method, but when used on impure waters containing 
organic matter it gives rise to amins, chloramins and other com¬ 
pounds of unknown composition whicjj impart to the water unpleas¬ 
ant flavors. ^ 

Alum is often used either alone or in connection with the mechan¬ 
ical sand filter, and if used under controlled conditions is very 
effective and leaves no undesirable constituents in the water. 
The quantity should be accurately determined for each water as 
it varies with the turbidity and quantity of calcium carbonate 
contained in the water. 

Potassium permanganate is often used in the disinfecting of 
small quantities of waters, but its effectiveness cannot be depended 
upon except against the cholera spirillum. Moreover, the disagree¬ 
able taste and the color imparted to the water are a serious drawback. 

Chlorazene, the new disinfectant suggested by Dakin, has much 
which commends itself for use in the disinfection of small quantities 
of water, as in the concentration of 1 : 300,000 it will sterilize ordi¬ 
narily heavily contaminated, water in thirty minutes. Such a 
concentration imparts a very slight taste to the water but is per¬ 
fectly palatable. It is non-toxic and if used for only short intervals 
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would probably be without effect upon the health of the individual. 
The compound, chlorazene (p-sulphondichloraminobenzoic acid— 
CI 2 NO 2 SC 6 H 4 COOH), is excreted in the urine as p-sulphonamido- 
benzoic acid. 

Ice.—It is often the case that water which one would not con¬ 
sider fit for drinking is used in the manufacture of ice. This 
should not be the case as the freezing of water reduces only slowly 
the number of organisms present. In fact Keith considers that 
low temperatures alone do not destroy bacteria. On the contrary, 
cold appears to favor longevity doubtless by diminishing destructive 
metabolism. 

Probably the decrease in number is due to mechanical rupturing 
of the cell, lack of oxygen, food and moisture which are due to 
the low temperature. Although there is a decrease of bacteria, 
yet experiments have demonstrated that even the pathogen Bacillus 
typhosus may persist in ice for one hundred days. The cholera 
vibrio perish much sooner. Hence, the evidence is conclusive 
that just as pure a water should be used in the manufacture of 
ice as is required in domestic supplies. 









CHAPTER XXIX. 


WATER AND DISEASE. 

History is replete with facts indicating that early in the history 
of the race there was a general conception that water might cause 
disease. Early tribes sought out those streams and springs which 
yielded a generous supply of cool, clear water. They followed 
them on their course to the sea and learned that some furnished 
water which promoted health, whereas the user of other waters 
suffered certain plagues. Centers of population sprang up in 
ancient times around those points where water was readily avail¬ 
able and great expenditures of labor and treasure were made to 
protect and carry it to places where it was needed. About 400 
B.c. Hippocrates pointed out the danger from polluted w^ater and 
advised the filtering and boiling of such water. But apparently 
during the following centuries no relationship was observed between 
the character of the drinking water and the epidemics of typhoid, 
cholera and other intestinal diseases which swept over Europe. 
During the Dark Ages the belief that water caused diseases of the 
human race became very popular. But the attributing factor was 
thought to be witches who by some occult magic poisoned pure 
wells, springs and streams. 

The statements in the literature during the beginning- of the 
nineteenth century became more definite, showing that the rela¬ 
tionship between the character of the drinking water and the 
prevalence of intestinal diseases was being recognized. By the 
middle of the century Michel had collected such a mass of statis¬ 
tics as to warrant the conclusion that there is a direct relationship 
between the purity of a drinking water and typhoid fever. 

Disease First Definitely Proved as Due to Water. —The first clear- 
cut demonstration that disease is caused by infected water was 
that of the now famous Broad Street well (1854) so ably studied 
by Snow. During this outbreak of cholera in London there was 
an enormous concentration of cases in a very limited area just 
east of Regent Street. There were during a period of about six 
weeks over GOO fatal cases. A careful study of the site, soil, sub¬ 
soil, streets, density and character of population, dwellings, yards, 
closets, cesspools, vaults, drains, conditions of cleanliness and 
atmospheric conditions revealed nothing of importance. A study 
of the water supply revealed the following facts; 
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1. Nearly all of the eases were nearer a certain public pump 
in Broad Street than any other sour(*e of watc^r and most of thcun 
gave a definite history of getting water from the. p’lnu]). 

2. Of the few eas(‘s whi(*h developed outsider of tlK‘ an‘a su|h 
plied by the pump most of th(‘m were known to hav(‘ dimnk water 
from tfie Broad Street well, 

?). The few seattenHl (‘ases in distant j)art.s of I.ondon were 
individuals who had used water from the W(‘1L 

4. Right in the midst of th(‘ district was a workhouses with 
inmates and a l)rew(‘ry with 70 (un])l()ye<‘.s, c^axth having its own 
well, and there wcux^ only 5 (heaths in tln^ workhous<^ and non<‘ in 
the bnnvcay. 

5. It was shown that a ])rivy vault and c(‘Sspool in an adjoining 
house dis(‘ha:rg(d through a l(‘aby drain whicii ran witliin two 
feet of the .Broad Strec;t W(‘1L 

(). Tlau'e w<a*e 4 fatal cases of (‘hoh‘ra. in tla^ house* at the* time 
of the outI)r(‘ak and carli(T cas(‘S which W(‘rc‘ probably (‘hctcu'a. 

It was not until IHSO that tlu^ typhoid bacillus was i.solat«‘d 
by Kbcrth and studied in (ktail by (hifky in hSS4 that we had 
definite information (‘oncerning the (*ausativc* agent of typhoid 
fever, the way in which it heaves the laxly, and the* routes by whicli 
it may reach drinking water, dins same* y(*ar Koch isolatcxl the 
cliolera vibrio from st(X)lH of patients suHVring with tlie disi*asc*. 
Tie also isolated tlu* organism from tankwat(*r in India. We now 
know that wiiter is a veliicle for a numbc*r (4 infeedions such as 
typhoid fever, cholera, dysentery and oth(*r intestinal diseases. 
It may be the medium for conveying infections not now gcuuTallx' 
regarded as water-!>orne. It may carry inorganic poisons sucli as 
lead, or may be of such a natur<‘ as to bring about derangcunents (>f 
metabolism r(;sult:ing in goit(*r, or may Iowct n‘sistancc% so as to 
favor infections not watxT-borne. It oc^ca-sionally ('onveys animal 
parasites, amebm and worms. 

Amount of Sickness due to Water.—Water is prolialdy responsilik* 
for morc^ sierkness and death than any other article of dic*t (txc'cpt 
milk. This is diu^ to the facts: (1) That it is used raw, wliile 
many other suhstan(?es are rendered sterile by cooking; (2) water 
comes in (*onta(*t with numerous substanc^es upon the earth’s surface 
and is a universal solvent; (3) it is used as the great %a4ucle for the 
riunoval of waste, mueh of whi(‘h may eontain pathogenit* organisms. 

It is difficult to obtain statistic^s to indicate accurately tlie mor¬ 
bidity and mortality due* to impure* water, Imt Whipple states 
that th<^ averages typhoid death-rate in American (Ricts is about 
35 per 100,000, while cuties with a good water supply average! 20. 
lie, therefore, attriliutes 40 p<*r cent, of the typlioicl fewer eif the 
United Statens to infected water. Uhapiri, however, eemsidcrH it 
woiilel be rneire conservative tei place it at 15 per e^ent. for tlie wlmlc 
country rather than at 40. But even these figures show a large 
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unnecessary mortality and morbidity when we remember there 
were 25,000 deaths in the United States in 1910, representing at 
least 250,000 cases. 

Dysentery and diarrhea, although not as fatal as typhoid fever 
or cholera, are not to be neglected, for when we consider the sick¬ 
ness and economic loss resulting each year in the United States 
from these causes, much of which is due to infected water, we 
find that they are not negligible. Moreover, the better care of 
drinking water has resulted in a marked decrease in the ravages 
of dysentery, for it is estimated that the mortality from dysentery 
in England toward the end of the last century was but a fraction 
of a per cent, of what it was in the middle of the century. More¬ 
over, the reduction of dysentery in the United States has kept pace 
with the advancement made in water protection and purification, 
as seen by the fact that the death-rate from dysentery in this 
country in 1850 was C.32 per cent.; of the total mortality in 1860, 
2.65 per cent.; 1870,1.6 per cent.; and in 1880, less than 1.5 per cent. 

The Mills-Reincke Phenomenon.—Mills, of Lawrence, Massa¬ 
chusetts, and Reincke, of Hamburg, Germany, in 1893 noted 
that the purification of the water supplies of their respective 
towns was followed by a decline in the general death-rate which 
was more rapid than could possibly be accounted for by the death 
from typhoid fever. This condition was later searchingly studied 
by Sedgwick and MacNutt who gave to it the name of the Mills- 
Reincke Phenomenon.” Later (1904) Hazen, a sanitary engineer 
formulated a numerical expression for the comparative effect of 
purified water upon the typhoid fever and total mortality as fol¬ 
lows: ‘'Where one death from typhoid fever has been avoided 
by the use of a better water, a certain number of deaths, probably 
two or three, from other causes have been avoided.” This propor¬ 
tion varies greatly in different instances. It was 1 to 16 in Ham¬ 
burg, in Lawrence 1 to 4.4, Lowell 1 to 6, Albany 1 to 4.4 and 1 
to 1.5 in Binghamton. Hence, in all of the cases studied by Sedg¬ 
wick and MacNutt it appears to be sound and conservative, but 
in some of the American cities more recently studied it does not 
appear so exact. 

The cause of this decline in mortality is not clearly understood. 
It may be due to the exclusion of specific pathogenic organisms, 
to increased vital resistance resulting from the use of a better 
water, or in some cases the appearance and taste of the water 
may be improved with the result that greater quantities are used, 
and hence a better condition of the body in general. Probably 
many factors are at work and these studies have revealed a remark¬ 
able relationship between polluted water and infant mortality. 
Rosenau considers that it bids fair to assume a causal importance 
in gastro-intestinal disturbance of children second only to that of 
contaminated milk. 

23 
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Cholera.— Water has In^ai la-oved to Ix^ tin* causative^ a^cait in 
the (‘oiiveying of (‘liolera in a. iiinnl)(‘r of instan(‘(‘s. Th(‘ two h(‘st 
known cases are that of th(‘ Broad Strec^t w(4h which lias 
already been consider(‘d, and the epidcanict of I.Sh2 in Ilainhnrg. 
This latter will (wca* rxanain classic on account of tln^ (*learn(*ss of 
the circninstaii(*(‘S and th(‘ fact tliat tlnu'c^ is no missing link in 
the (*hain of evidcaice, as t!i(‘ chokn-a. vibrio was isolated from the 
Elbe River water. 

I'he Ilanihurg epid<anic occurr(*d in lrSl)2, and in a littk* aver 
two months th<a*(‘ W(*re 17,000 cas(\s with .SOOo d(‘aths, wh(‘r(‘as 
Altona, which in r(‘ality forms with Hamburg om^ large* city, was 
pra(tti(‘ally fnx*. dlie two (‘iti(*s are* liuilt, e)n the* same* seal, jiro- 
vieleel with the^ sa,me‘ se*wag(* syste‘m, and have* the* same* e-limatie* 
cemditions. Th(*y have* the* same* sex'ial custe)nis and we‘re* se‘pa~ 
rated only by a, ])e)litie‘al beainelary line*. The* bounelary runs 
througli a stre<*t ein one* siele* al whie-h is Altema auef e)n the* eithe*r 
IIaml)urg. They have* se‘parate‘ wate*r supplie*s, but beitli eh‘rive 
their water from the Kibe* Hive*r whif*}i is a greissly pedlute*d stre*am. 
Ilowewer, the^ water supply for the* city a! Altema was punfie*d by 
filtratiein, while that of naml>urg was imt. The* boundary eif 
the e]>ielemi(‘ was just as e*le‘ar as was tliat e>r the* wate*r syste*nn or 
in the weirels e)f Keieh, “e*lie)le‘ra in Hamliurg we'Ut rigid up to thc! 
bounelary eif Altema and the‘re* steippe*el. In erne* stre*e*t, which for 
a long way feirms the* be)unelary the*re was <'he)Ie‘ra em the* Hamburg 
side, where.‘as the Altema siele* was fre‘e fremi it.*’ 

Typhoid.- (’ontaminate*el wate‘r was the* first re‘cognizeel and 
probably the^ meist siguifie*ant ve*hicl(‘ of typheael infe*e*tiom 'Fhe 
irnpre)V(*memt in wat(‘r .supplie*s eluring rveent ye*ars has b<*en re*.s}Km*- 
sihle feir thc^ re‘du(*tion in typheael morbielity. The* re‘HuIt.H e‘emipileel 
})y Ke)b(*r e‘le*arly slmw the? e‘fre*e*t eif iin])re)V(*el water supplies em 
typhe)iel rrmrtality in Anie*rie*an e'itie‘s. 


EFFECT e)F WATER PFRIFK’ATION OK eiEXKRAL A.\T> TYPIIOin 
DEA'rU-RATE. 
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Water still remains the most important single channel by which 
the typhoid bacilli reach the human body. Estimates vary as to 
the actual percentage of t}^phoid cases which are referable to w^ater 
infection. It is placed by various authors at from 10 to 40 per 
cent. According to Gay, Schuder found that of 640 typhoid 
epidemics 22 per cent, were due to water. Schegehdahl found 
that of 682 cases about 33 per cent, were water-borne. Typhoid 
is, therefore, the most important water-borne disease. 

The proof that a typhoid epidemic is due to water infection 
is usually indirect, for the actual isolation of the offending organ¬ 
ism is effected with considerable difficulty and has been accom¬ 
plished in only seven or eight cases. However, in those cases 
where it is found it is not always possible to prove that it was 
present at the time the infection occurred. Strong presumptive 
evidence is given whenever waters are proved through the presence 
of colon bacillus to have been infected by sewage. 

The best evidence, however, obtainable that a specific typhoid 
outbreak is due to polluted water is that obtained by the epidemi¬ 
ologist. He knows that the important characteristics of water¬ 
borne epidemics are: 

1. They may be preceded by a period of dysentery. 

2. The epidemic usually has a sharp onset, the curve rising to a 
peak and the decline being rapid. 

3. The cases are quite evenly divided over the city, that is, 
provided the city is served by a municipal supply. 

4. They nearly always occur in the spring, fall, or winter. 

5. The pollution is usually nearby and the epidemic is of short 
duration unless there be a continuous source of new infecting 
material. 

The work of the epidemiologist is vividly portrayed by Hill 
as follows: 

'^To illustrate the general principles, let us suppose notification 
be received that a typhoid fever outbreak exists in a far-off com¬ 
munity. The public health detective packs his grip and goes. 
He knows no details; he has never heard of this particular com¬ 
munity before; he has not even any general information about the 
character of the country; he enters the community wdth no pre¬ 
conceived ideas. But he does know how typhoid fever originates 
and how it spreads. Water, milk, food, flies and fingers are the 
routes—typhoid cases or typhoid carriers, the source. His duties 
are to find both; and to find them, not as a scientific amusement, 
or as a matter of record; not to furnish food for speculation—above 
all not to make a show of doing something —to stop the outbreak, 
and then to advise measures to prevent recurrence. 

'^The public health detective on entering the community affected 
by typhoid fever does not first examine the water-supply, the 
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milk supply* tlu* disposal s\slrin. fhi* markot-H, iIh* Intrk 

alleys, the dairic'S, or au^dhin^ (‘Ise. //r f/or.v dlrvrflji fu thr hcdshivs 
of the jHitivnh. OF eours(‘ lu^ inust (dpaiii tiie iiamos and addre^M*.'. 
of the patients From soin(‘oii(‘ From the local health cdficaT, if he 
has th(un; from th(‘ atttaiding’ physician, if tin* h(*altli officer has 
no list; from the lay eitizcais t heniseha^s, if no one cKc is immediatel\’ 
a.va.ilahl(‘. Th(» more com])h*te th(‘ list, the faster he can wc»rk, 
because^ thmi he is not eomp(‘lle(i to hunt up tlie case-. p<TsonalI\. 
Hut if th(U’(‘ h(‘ no list, 1 h‘ heirins niakini^ one hiinsclF. His iidtii^ 
ilon is to srr jifsl as niatii/ jmiivats as hr van, for each fiiniishes e\'i» 
(leuc‘(‘ a.nd h(‘ wants it all. Hut la* knems that it is not ah\a\s 
necessary at this sta][^:<‘ In s(*(* ahsohitely all tin* patient % lonix 
as 1 h* sc‘(‘S th(‘ majority. 

“Iteaeliing tin* patitmt’s lH*dsidf\ his iiiV{*sfi|iati(Ui hei^iiis. 
Automati(‘a,lly, almost m(‘('liani<*all\, he deeifle'n whefltm* or md 
the [)ati(‘nt has typhoid h‘V«T or md. Satisfied ort that point, 
his first (pu‘st,ion is not, ‘d\‘ll me all the* diliVreiit wafer -^upplie-i 
you hav(‘ us(‘d, or all tin* sources of milk you Iiavi* used.’ The 
first (juestion is, ‘Wlam di<l yoti first show the earliest s\inpf<aiis of 
th(‘ disc.aisc*?’ Why’/ Hi'cause this date onei* fixed, at ivhieh iiifec'* 
tion (mter<‘d th(^ patkmt’s mouth is li%ed also, o r., a date het\vc*en 
e)n(‘ a,lid thna* weadvs [)reviouH to the dale* of the earlii»'»t \\inploniH. 
Hemenih<*r that at that sta|»:e tin* defca‘riVf* may not have e\eij an 
inkling as to which of tlie usual factors wafer, milk, food, flies 
or fing<Ts is irivolvcal. Still less can In* guen^ which parliciilar 
wat(*r supply, milk .Hiipf)ly, (dc*., of tia* iiian\’ pte^sil)Ie tme^s may he 
th(^ guilty omn Hut tin* answfT to this cpiestifui rediiei^H po.^^d- 
\)lc routes to lhasr asnl hj/ this patinii not at aii\ tiim* ioii dariatj 
a spMfir prriod, i. e., frean cuje to three weeks preceding liis date 
of (airliest symptoms. 

“Net ycd, liowcnaT, are flu* milk am! water cfiiestioiis ufFered. 
TIu* s(*e(md (pi(‘sti(Ui is ‘Where were you during fliat period?* 
Why? Heeause if the patient wen* no! in the f*ominiiiitty during 
that pcTiod, h(‘ eotdd m>t have* eoiitnuled his infedion within if, 
and do(‘s not lH*Iong to the caithreak under exaiiiimilion at all hut 
to soriH* other. Ih* is in brief an ‘importial caisi*/ ami %\fii!e, c»f 
eoursex Ih* is to be supcTviMed lest he spread his iitfeefioii to ofliers, 
he eaimot lu'lp to locate* the source of the main oiithmik unless 
perehaiHa* In* he himself that .snur«*e, /. e., tfa* infrodiieer to the 
eomnmuity of tin* original inhadiem. If la* he an imported fuse 
h(* is noted for further referenee and the deteelive goes fo another 
paticuit. If not, thc‘ f|ue.Hfi(ms c-ontiiiiie. But not \ef is wsater 
or milk or fii(‘s m(*ntioiic*d. d In* third tpiestion is, ‘Wiu’e \fiu itssm 
eiat(‘d during your period of infeetiem with any then kiiimii fyjilaud 
eased/’ Why? Ik*eanse sueh assnedatinn, e.s|W‘cdiil!y if iiiliitifife, 
mak(*s it more j^rohahh* that tlie eiisi* under examiiiiilion fe«'ei\ed 
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liis infection from the preceding; case, rather than from any g;eneral 
route and that he is, therefore, a 'secondary case.’ If he had 
such associations, this is noted for further reference and the investi¬ 
gator passes on to another bedside. If not, the questions continue, 
and now at last take up milk, water, food, etc., but of course only 
so far as to determine those used by the patient during his infec¬ 
tion period. 

‘'Then the investigator passes to the next patient. What has 
he learned so far? Nothing much yet. But he has narrowed the 
possible routes of infection to certain water supplies, certain milk 
supplies, certain food supplies, etc., i. <?., those used hy the first 
patient during a certain period, and he has done this in thirty minutes 
-—in scarcely the time it takes for the old-style investigator to get 
his bottles ready to collect his first water sample. 

“At the bedside of the second patient, the same inquiries in 
the same order are made. If this second patient be an imported 
case, or a secondary case, he also is merely noted for future refer¬ 
ence. If he be a primary, however, the origin of his drinking water, 
milk, food, etc., during his infection period are also ascertained. 
Perhaps he coincides with the first patient in every detail of aliment¬ 
ary supplies, in history and associations. If so, nothing much has 
been added to the detective’s knowledge. But more than likely, 
dissimilarities have developed. Since the responsible water supply, 
milk supply, etc., must be one of those water supplies, milk supplies, 
etc., used in commoii by prwiary cases, all those not common to 
both of these primary cases may be dropped from consideration 
(except in rare instances of multiple routes). Thus, if both have 
used the same water, water from that origin remains as a possi¬ 
bility. But if the water supplies have been dift'erent, ivater is 
eliminated from the question entirely. If the milk supplies are 
identical, milk remains as a possible route of infection; if not, 
milk is eliminated from the question entirely. 

*In brief, provided the information obtained be reliable, and it 
is part of the public health detective’s training to distinguish at 
a glance truth from falsehood, the honestly mistaken, or forgetful, 
or stupid replies from the reliable ones—-and above all never to 
believe anything (to. the extent of recording it) unless it is checked, 
confirmed and established as a fact, the modern investigator has 
in one hour narrowed his investigation to a point which the old- 
style investigator often would not reach for weeks. 

“And so from patient to patient the inquiry proceeds. In the 
course of the day the investigator has seen perhaps 30 patients. 
The tabulation (probably already made in his own mind) shows, 
say, 3 imported cases, 5 secondaries, 2 uncertain or indefinite. 
The remaining primary cases show in common, say, 1 water supply 
only, the milk, etc., varying; or 1 milk supply only, the water, 
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etc., varying; or no connection except attendance at some one 
social function. 

‘'Going straight to the route thus indicated, the public health 
detective quickly confirms the indications of his results. He knoivs 
that the route indicated must be the guilty one, for only that 
route can account for all the cases. He concentrates on that 
route until the evidence is complete—when and how that route 
became infected, when and by what sub-routes the infection was 
distributed, why it infected the patients found and not others, etc. 

"In this illustration I have assumed complete ignorance on the 
part of the epidemiologist as to everything connected with the 
community he is investigating, except what he finds by cross-exam¬ 
ining the patients. As a matter of fact, every epidemiologist, 
however much a stranger to the particular community he enters, 
begins to learn about it from the moment he enters it. 

"Thus, almost unconsciously he notes the size of the town and 
compares it with the number of cases reported as existing; if it 
is summer time he almost automatically notes the presence or 
absence of open toilets in the backyards, of manure piles and of 
garbage cans—all bearing upon fly infection. If it is winter time 
or the community be well sewered, he does not even consider flies. 
If the cases are grouped in one quarter of the town, while the public 
water supply extends all over it, he tentatively eliminates the 
water supply before he asks a question. If good surface drainage 
and a sandy soil exist, or driven wells are chiefly in vogue, he 
tentatively eliminates well water—even before he registers at the 
hotel. 

"This is not and cannot be a complete synopsis of all the com¬ 
binations of circumstances which the epidemiologist meets. It is 
intended to illustrate his methods and to show why they are incred¬ 
ibly rapid and incredibly accurate—how they eliminate • specula¬ 
tion and guarantee a correct solution—which means, of course, the 
achievement of the great end, the finding of proper measures for 
suppression. 

"As soon as the route is indicated, he must go to that route, and 
establish beyond peradventure that it was in truth responsible. 
A water supply cannot convey tyq)hoid if typhoid fever discharges 
have not entered it. There is no object in attributing an outbreak 
to fly infection from toilets into which typhoid feces have not 
been discharged at such a time as to account for the cases. A 
milk supply, not handled at some point by an infected person, nor 
adulterated at some time with infected extraneous matter cannot 
convey typhoid. Whatever his results, they cannot be true unless 
they are consistent—they should not Ibe accepted unless they are 
provable—and proved. 

"If the public health detective is familiar with the community 
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where the outbreak occurs, including its water supplies, its milk 
supplies, the sociological relationships of its people, etc., he can 
often tentatively determine the cause of the outbreak by a mere 
inspection of the names and addresses of primary cases, especially 
if plotted on a map of the community, taking into account also 
the time of year, and other general points. But such deductions, 
while often wonderfully reliable, can never be as conclusive and 
satisfactory as are the results of an investigation by even a total 
stranger, if the investigation be conducted as above described.” 
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Cellulose fermentation, next to protein hydrolysis, is the most 
important work of bacteria in sewa^’e purification. Paper, cotton 
fabric, wood and other cellulose-containing substances are rapidly 
attacked by various organisms with the production of soluble 
substances—starches, sugars, acids and finally carbon dioxid, 
methane and hydrogen. 

Probably fewer organisms possess the power of saponifying fat 
than of liquefying proteins or hydrolyzing cellulose. For this 
reason and also due to the fact that the fat tends to rise to the 
surface out of the sphere of bacterial action, there is a great ten¬ 
dency for the fat to accumulate. At times this may accumulate 
around some solid and give rise to '‘'grease balls’" which cause 
clogging of pipes. The fat which is acted upon by bacteria is 
broken into fatty acids and glycerin. The fatty acids are quite 
resistant to further bacterial activity, but the glycerin is rapidly 
broken into simpler products. 

Oxidizing Bacteria.—The complex microflora of the sewage must 
have energy. This they get in a great degree from the oxidation 
of the comparatively simple products yielded through the hydrolysis 
of the proteins, carbohydrates and fats. These are changed prob¬ 
ably similarly to the acetic acid fermentation with the production 
of acids and finally carbon dioxid and water. 

The ammonia liberated through the deaminization of the amino- 
acids is oxidized by the Nitrosomonas to nitrous acid and by the 
Nitromonas to nitric acid. 

Reducing Bacteria.—The nitrites and nitrates formed by the 
nitrifying bacteria are in a great measure reduced to free nitro¬ 
gen through denitrification. The sulphur in the protein molecule is 
liberated as sulphates, sulphur dioxid and hydrogen sulphid. The 
sulphate formed is reduced to hydrogen sulphid. This reacts with 
the small amounts of iron and other metals present with the result¬ 
ing black residue of metallic sulphids always found on the bottoms 
of tanks and streams in which sewage is decomposing. 

Each of these processes is going on simultaneously in sewage 
and the one is dependent upon the other, there being a true bio¬ 
logical cycle, as is pointed out by Whipple. 

"The decomposition and oxidation of the organic matter in 
sewage are brought about by bacteria, and the bacteria serve as 
food for protozoa and other forms of microscopic animal life. The 
dissolved organic matter in sewage serves as food for algse. These 
algse and protozoa are, in turn, consumed by rotifers and cmstacea, 
while the latter form the basis of food supply for various aquatic 
animals and fishes. Thus, there is a continuous biological cycle. 
Again, animal forms require oxygen and produce carbonic acid, 
while plants consume carbonic acid and produce oxygen. Where 
these processes occur normally and with a proper equilibrium main- 
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of the typhoid bacillus is much longer than in water. Levy and 
Kayser found typhoid bacilli in soil that had been manured fourteen 
days previously with the five-months-old contents of a vault. The 
evidence that any genuine multiplication can take place in the 



soil is not convincing, but it has been proved that the bacillu.s 
may be carried by water-currents to a considerable distance from 
the point where it was first introduced. Infection of wells and 
small water-courses is thus brought about sometimes by the wash- 
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on aoc»oiirit cif thoir ahscH’ption of oxyij^cni, t(‘iKl to 
purit) tfiK^ro riipidly than do shnvta* onc^s. (’old vvat<T 
Iioldn fioiro uxyi^vti than d(H‘s warm, and fn^sh than salt wa,t(‘r; 
hoiiri*. fliii’i* it ixmatiT fnndoiioy for oxidiition in cold fn^sh \vat(‘rs 
fhitn ill warm or saltx waters. 

I here in, !iowi*\ci% ii i^nnvini^ dcinainl tlnit scwviigc* lx* tr(*ii.t(‘<I 
hctofc if i- thrown into sfrcitni^ or lakes, Idas may lx* doix* by 
\iiriotiN iiirflxNb, Hiirh a^ Ncdirncntiititm, snlKsnrfjna* irri^jition, 
broad irrigation and other means. For a <l(‘seription of (‘a,eh 
toijeilx’r with its relative \adnc* the .stud(‘nt is n‘r(‘rr(*d to ai»y 
of the .Hlaiidard works on sewai^e. 
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CHAPTER XXXL 


MILK BACTERIOLOGY. 


About ten. billion gallons of milk are produced annually in the 
United States, one-fourth of which is consumed as milk and the 
other three-fourths as butter and cheese. The quantity of milk 
consumed varies in different localities, being greater in the North 
than in the South and greater in the country districts than in the 
city. It also varies with different classes, as seen from a survey made 
by Williams of fifteen sections of Rochester, New York. He found 
that the average consumption of milk by 21,600 individuals was 
little more than 0.24 pint per capita. Furthermore, he found that 
the poor not only used less milk and bought it in smaller quantities 
than the well-to-do, but the use of store milk and of condensed milk 
was largely confined to the laboring classes. In other words, the 
people who most needed to be careful in their buying used smaller 
quantities of the cheapest food which they bought in the most 
expensive manner. It is usually stated that about 16 per cent, of 
the average dietary in the United States consists of milk and milk 
products, yet the average daily consumption per capita of milk as 
such is only 0.6 pint, which is about half what it should be. 

as Food.—Milk has been regarded from the earliest times as a 
most important article of food, and although little was known as to 
its chemical composition previous to the eighteenth century, the 
ancients attributed many and peculiar hidden virtues to it. 

Good whole milk or skimmed milk are among the best and cheap¬ 
est of foods. Good fresh milk is all but essential to the welfare of 
young children, and to the babe that for any reason is deprived 
of its mother’s milk, cows’ milk is practically indispensable. The 
reason is due to its composition. The composition of human and 
cow’s milk is as follows: 


Human milk 
Cows’ milk 


Fat, 

per cent. 


Lactose, 
per cent. 


Protein, 
per cent. 


Ash, 
per cent. 


2-4 6.0-7.5 0.7-1.5 0.15-0.30 

S-6 3.5-5.0 2.5-4.0 0.66-0.77 


Besides these substances both cows’ and mothers’ milk carry 
organic substances which contain little or no nitrogen, one of which 
is soluble in ether and alcohol, the other in water. The true chemical 
nature of these is unknown. The amount of these substances in 
human milk at the beginning of lactation is about 1 per cent.; in 
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the middle period of lactation about 0.5 per cent. Cows’ milk at 
the middle of lactation contains about 0.3 per cent. 

It is usually stated that one quart of milk is about equal in food 
value to any one of the following: 

Salt codfish 
Fresh fish . 

Chicken 
Beets . 

Turnips. 

Butter . 

Wheat flour 
Cheese . 

Lean round beef 
Potatoes 
Spinach 
Lettuce 
C’abbage 
Eggs . . . 


2 pounds 

3 pounds 
2 pounds 

4 pounds 

5 pounds 
pound 

I pound 
I pound 

1 pound 

2 pounds 

6 pounds 

7 pounds 
4 pounds 

8 pounds 



Fig. 44. —Composition of cow’s milk, showing variations. (Report on milk 
investigation, Boston Chamber of Commerce, 1915.) (MacNutt, The Modern 
Milk Problem.) 

This, however, considers milk only from the total calories yielded. 
Digestibility and assimilation must be considered as well as chemical 
composition and caloric value; when this is done milk ranks even 
higher than suggested by the foregoing. Moreover, milk has other 
24 
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firiHlfiri* ac’itl l«» rlH‘<*k, if iu>t kill, 1 Ih‘ [Hifrrfirrs which 

ri-'C tit |»ti»nuiiitc-. 

Milk iiiHluiihiciil} owes ifh lH‘iu*fi(*ial action to its hic'tosc* whicli 
i> ah“.orlH*<l and lienee rc| 4 u!atc*s the hiochcanical (‘hang’c^s 

which fakf* pLii’c in flic liinicii of tlic intostin(*s. Hull and H(‘tt| 4 :(i* 
ha\c coiic!ir-.i\cl\ donicHihtrated that a higii lactose* die*t mark<‘dly 
iiillneiici-- fill* illicitinai flora of man. 

Iliiice, iiofhiiia -hoiild he (haa* or said to de<Teas<* the* eonsinn|)- 
tiiat of milk, hut niia'li slioiild lH‘d<aH‘ to see that the* milk e(msiim(*(l 

I III re, f*!i*aiuaitd free* from diHease-|)rodu(‘in<^haet<*ria. Forait hoii|»;h 
milk i- one of the <*lieapesl and hent of foods it is responsible* for 
more siekiiiws and deaths than p(*rhaps all other foods eomhin(‘d. 

Classes of Mlk. Milk is often roni^hly dividc‘c| into (hna* elass(‘s, 
depeiitiiiij: upon the rare exerc*is(*d in its prodm'tion and handling 
certifif'il initk, inspeetf*d, or guaranteed milk, and <*ommon milk. 

CVrtified milk has no umisiial propiTties oth(*r than those! of 
e\cepfioiial eleaiiliness and purity. It is milk whi(‘h has h(*(*fi pro¬ 
duced aeeordiiig to tlie ri*gulali<ms an<l und(*r the sup(*rvision of a 
iiicjlical milk eommis.'/iom 'flie eow.s from wliieh thet milk is pro- 
diicei! are tnhereiilin-te^led. The stahh*and eow.s4jn* kept <*xtrem{‘ly 
eieaii and fto dust is allowed in the stable at th<* time* of milking. 
Small-lop sferili’/ed pails are used. Tint (siws are c*arefully groonual 
long f*iioiigh before milking to let the dust setth*. din* <*ovv’h udd(‘r 
and Hank'- are washed just heftin* the milking. Tlx* milk(‘r wc*ars a. 
%iiiite suit wiisfies fiis iiaixls before milking eac'h e<nv. dlie milk 
i- eoolcfl either before* eif afte*r bottling. The* e'aps arc* so c*onstmeted 
fhaf fliey eoiiipletf*l>' eoiiT tlx* fop eif tlx* bottle*, aixl many dairleH 
use a floiibie eitp. The eaps are sterilizc*d before* use* arxl tlx* milk 
is kept e*«d eiiiriiig tniimit. The mimher of haete*ria sfiould not 
e\f*ef*ei HklMMI per e%e, of milk. Monk givexH the avcTage* eomit of 
:Ld saiiipies of certified milk delivered in Ilrooklyn (hiring l!)|() a5 
IHtCi haeferk per earn 

Siidi milk is as near pure* as it is possible* to produce* it on a eom- 
iiiiTiiii seitle, Iiiid alflioiigli if is reepiired tliat it he*^de*liv(*re*d tee the 
coiisiiiiif^r within tliirt>' hours fiffe*r prodimlion,^ye*t it will ke*ep for a 
great leifgtli of time. At tlx* PiiriH Expewilion in HHKl (‘c*rtifx*d milk 
frotit flit* riiifed States, to the astonishment of the jiidge*s, was 
placed on inliibition in perfedly sweet eemciition afte*r a. journey of 
foiiririm in eigliteTii days, or dtMMI to 4IMM) mil(*s, in midsunmx'r. 

It prolmltle tfiiit in imm* of onr large (ities doe*H the* (ireHluedion 
of ei*rtifi«*d milk ex(*eed I per ernl. of Itie totaJ supply, ^ddiis is due* 
to the greiifer price wliicdi iiiust be eharged for siieh milk, and ijx* 
leitdtixW' Ilf file preHeiif. time is to prodiiee* a high grade* of milk 
miller idfs'i! roiidifions wliieh earn be* sold at a more moeliTafe* 
price. 
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witicii is licinjf plucctl mi thf iiuirkcf. 'i’his i:, milk pruiiinTii I'lum 
herds free Irmii tuherenlii.-iis :ind vvlii<'li an* limi -ed and ean-d I'nr 
imder fjoiid siuiilarv emididmiN. .\farl\ as ureal care i taken in 
ifs prmliielimi as in flnil of eertified milk, .''mne milk ». prndiieeij 
compares favoralily wifh eertilied milk. 

<'onimnn milk is ail milk not elas-ilied under (he [itee.diii},' 
heads and may \ary in mierohial eonteni from a )'e« thuu and !o 
many millions. 'I'he numlier and kind var\ viith the diilVrenl 
dairies which [irodiiee (he milk and often wiiii the eitv m- tale in 
whieli if i.s prodiieeil, depending upon the nature of the |av\ and the 
strictness with which it i-. enforced. 

The mimher of haeteria reported In Hill anil .'’lack for fJo ton 
milk is uiveii helow: 


Hi'litw 1 i.'ii’f f 1 i.i |»r'j , 

Trr 

V/i 

JOfl.llflli fiittl r»Ofl,flf}fl |«'r r , 

r>0a,0ao Hii4 I.Oim.lHIfi |».r r 1* 

•I *;:» 

l.flOff.fHIU fijifi ft flOIf.ffijfi |*i*r r,**, 

i;* 7 '* 

AltfiVi* ftiT f.r. , 

fill 

! ’itfftiuifalilt' iihifi'.H 

ft 7^ 


Bacteria in MiUc. Milk i'.oneof the Iie-t food'forman. It! al oan 
excellent food for haeteria, as is ,een from the fact - that million * are 
often found in a few drop*., and in main ea-e . the haetenojojd t lind • 
it one of the best mediums on w hieh to urow hi- lahoniiory eulturi- .. 
'riierel’m-e. milk should he protected from ailntanee whiJ h contain 
haeterhi, es|»eeial!y the disease-prodiieinu one.. It i; the method 
h\' which they enter jind the speed with whieli the*, imdtipl.\ that 
we want toeonsider. But it should lie stated at the out el tlial larue 
ntimhers of haeteria in milk indicate dirt, hick of refrigeration, or 
uf'i'. If luin or may not contain theuiTinsof di -iaise. hut there i* the 
po.ssiliility. So milk witli a Inydi haeterial eontmif i. not neer .mril\ 
harmful, hut when used its a food partieiilarh for children i, a 
hazard too great to he eountenaneed. or, as statetf In < onn: ” ( ioi«i. 
clean, fre.sh milk will have jt low haeterial emuif, anil a high haeterial 
count ^meati.s dtrf, ttge, disease, or teniperatur*'. A high haeterial 
(■ount IS, thendore, a danger signal aiid justifies the heidtli ollieer in 
putting a source with a persistently high haeterial eoiuit among the 
elasH of imwhoIeHiime milk." 

'rite niunher of haeteria oeeurring in milk \artes with age, initial 
eontnminution, the care with vviiieh it is handled and kept, teinjaTn- 
tun*, and agt*. Alilk max I'otitatn only a fexx' or intlhons in *‘aeh drop, 
or some market milk.s at times contain ns many, hut not a^ danger- 
ou.s, orguniHni.s as siwvage. 

Initial Contammalion. 'Hie sotire** of haeteria in milk are: 1: 
Intratuammury, (2) introdiui-d during milking priaess, oi> from 
milk utensil.s, (4; from the ust; of speeiul milk upparatu *, <.'ii eon- 
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tamination in transit, (6) contamination on sellers’ or consumers’ 
premises. 

Milk as it is secreted is a sterile fluid, but it is fairly well estab¬ 
lished that as it is excreted from the udder it is not sterile. Harding 
and Wilson examined 1230 samples from the udders of 78 cows 
which showed an average of 428 bacteria per c.c. The numbers vary 
widely with difi'erent cows, some yielding milk with as few as 25 per 
C.C., whereas others yielded milk with bacterial contents up to 100,- 
000. The organisms obtained from the healthy udder are non- 
pathogenic and are almost invariably staphylococci, streptococci, 
and other forms of cocci. It is regarded as certain that the origin 
of these bacteria is from the outside of the teat. They find their 
way in through the orifice of the teat and extend up the milk column, 
thus infecting the milk cistern and ultimately the ramifications of the 
milk tubes through the udder. The work of Savage makes it appear 
that the number found in freshly drawn milk is determined by the 
numbers entering the teat, and the selective action of the specific 
animal. 

The bacteria introduced during the milking process are derived 
from (a) the coat, udder, and teats of the cows, (/;) from the milking 
shed and clothes of the milker, and (c) from the hands of the milker. 
It is impossible to produce clean milk from cows, the color of which 
cannot be distinguished even a few rods away because of the filthy 
condition of their coat. Even where the animal is in a fairly clean 
condition the wiping of the udder just before milking greatly reduces 
the number of bacteria in the milk. An average of thirteen experi¬ 
ments at the Storrs Experiment Station yielded the following 
results: 

Bacteria in milk 


per c.c. 

Unwiped udders. 7058 

Wiped udders.710 

Decrease due to wiping.0342 


Numerous investigators have shown the presence of bacteria in 
large numbers in cowsheds, and many individuals have seen stables 
or milk houses in which each beam of light passing through the 
crevices seems to be filled with myriads of dancing specks. These 
dust particles carry bacteria and will increase the bacteria content 
of milk. However, recent work at the New York and Illinois 
Experiment Stations has demonstrated that under fair conditions 
this is a negligible factor. 

Then the hands of the milker may not be quite clean, or perchance 
they have come in contact with disease germs from his own or some 
one’s else body, and these may find their way into the milk and at 
times multiply with an enormous rapidity. 

The influence of the milker in adding bacteria is clearly illustrated 
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by the following experiment reported by Stocking. The average of 
19 tests with two milkers, one who had had no training in dairy sanita¬ 
tion, and one who had, showed 17,105 bacteria per c.c. for the 
untrained man and 2455 for the trained man. The only difference 
was the knowledge possessed b}” the trained man. 

Even more important than the surroundings in contaminating 
milk are the utensils. Many buckets are wrongly constructed or 
not scalded each time so that every seam contains hidden away 
millions of bacteria. These immediately grow on reaching the 
fresh, warm milk. Then the strainer may contain a good seeding 
of bacteria. It would be a great step in advance could the strainer 
by some means be done away with, for then greater care would be 
taken in the production of milk; otherwise, it would be unsalable. 
The condition is somewhat similar to that which existed when it was 
first suggested that bread be wrapped. There was a baker’s con¬ 
vention and the subject had come up for consideration and the 
members had practically agreed that all bread offered by them should 
be wrapped, when an old veteran arose and said, ‘'If we wrap our 
bread in white paper and handle it as we do now the paper will be 
so dirty that when it reaches the consumer he wdll refuse to buy.” 
So it is with milk; if it had to be sold in the condition in which it 
comes at times from the barn, it would be refused. Not that the 
strainer reduces the number of bacteria in the milk, for it does not. 
It only removes the particles which are visible to the naked eye after 
they have been washed nearly free from bacteria. 

Prucha and coworkers studied the influence of all the utensils 
that normally come into contact with the milk both at the barn 
and at the dairy. They found that when they were all carefully 
steamed the germ content of the milk in the bottles was about 4500 
bacteria per c.c. When similar conditions obtained, except that the 
steaming of the utensils was omitted, the germ content of the milk 
approximated 257,240 bacteria per c.c. 

Of all the various utensils coming into contact with the milk at 
the barn and at the dairy, it was found that the clarifier and the 
bottle-filler, when unsteamed, proved to be the most prolific sources 
of contamination. 

It would, therefore, seem that the most important factor in 
producing good milk is the scrupulous cleanliness of the milk uten¬ 
sils and not so much surroundings, as has been so much taught in the 
past. 

It is difficult to accurately measure the contamination in transit 
and on the sellers’ premises, but it is quite evident that at times it is 
large. Orr reported average increases as high as 22.7 per cent., 
whereas it should be zero under ideal conditions. 

Growth of Bacteria in Milk.—Saprophytic and many pathogenic 
bacteria multiply in milk so that the number found in milk is 
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governed; in addition to the factors considered above, by age and 
temperature. The influence of temperature is illustrated by the 
following: 


Temperature 

maintained for Bacteria per c.c. at Hours to curdle 

twelve hours F. end of twelve hours. at 70° F. 

40 4,000 75 

45 9,000 75 

50 18,000 72 

55 38,000 49 

60 453,000 43 

70 8,800,000 32 

80 55,300,000 28 


All of these samples at first contained the same number of bacteria 
but were kept for twelve hours at the different temperatures and 
then all maintained at the high temperature. We find over ten 
thousand times as many bacteria at the end of twelve hours in the 
sample kept at a high temperature as the one kept at a low. 
Although the difference in temperature was maintained for only 
twelve hours, the milk at 40° kept three times as long as did that at 
80°. 

Changes Produced in Milk by Bacteria.—The changes occurring 
in milk are governed by the specific bacterial flora which it contains 
and the temperature at which it is kept. Normal clean milk, if 
kept at a temperature of between 10° and 21° C., passes through a 
sequence of changes which can be divided into four stages. 

First Stage.—The first of these is known as the germicidal stage, 
and lasts a few hours after the milk has been drawn from the udder. 
During this stage there ys a decrease in the number of organisms, 
as shown by the plate method. The extent of this decrease varies 
with the milk of different cows and the temperature at which the 
milk is kept. The higher the temperature, the more marked the 
decrease, the sooner the end of the germicidal period is reached. 
There is a great difference in opinion among bacteriologists con¬ 
cerning the nature of the phenomenon. Some would account for 
it on the grounds that milk is a favorable cultural media for many 
bacteria, but not all. The ones for which it is unsuited rapidly 
die oft*. Others consider that the milk, like the blood and many 
other body fluids, possesses bactericidal power which is very weak 
and soon lost. Eosenau and McCoy, however, consider that the 
bacteria are'agglutinated and not killed. On plating, the clump 
gives rise to the colony in place of each individual organism, as is nor¬ 
mally the case. 

This germicidal power is lost on boiling the milk or heating to a 
temperature of 80° C., and some have urged this as an objection 
against pasteurization, but in the “holder"’ process this is not a 
warranted objection. 
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Sm^nd Siaf/f’. lliis slaf^r (‘xirnds rruin fin* tanl of I In* i^oroiiritial 
j)<‘ri(Kl to th(‘ tiiiH* <»f 'riiiTr in«*t\ ho a t^radiial iriori**'04‘ 

(luring tills tinic* of rnaiiv s|H*rio,s, foit tlir fH'odoiuiftaliim* an^ 

the Had. lards arid!. 31ic‘s<‘ raf>i<lly prodiioi* laoiic* aoid wh’u’Ii 
{‘XiTis a. supprossinj^ intluiaioo on many .Niasao'-^. Whon tlio milk 
n‘aohc*s an acadiU' of .7o to -SO per oont. it iiMiaily oiirdlo-;. dlio laotir 
ori^^anisnis scddoni produoc* iiioro than 1.2o porront. arid. 

Third Sfaffc. ’’Phis stai^^r «‘\tcaids fnan tin* time* of mtrdlin^^ until 
the ncuitralization of tlir arid. Thr acdclity lH*romt‘> tn’rat that 
tlamirtion of thr kudic^ ac'iil hartrria is rhi‘rkc*d and tla*ir iiiiinhrr, 
whi(‘h at lirst may hr as hi^di as prr r.r., rapidl\ 

(Irrrrasrs. Thr pr(‘doininating spesars hc»romr (didam Irniis, rtuiain 
sprc'irs of mokls and yrasts. d1ir protrim ar«‘ hroktm down with 
IIh^ formation of aininoiiia which nmtrali/s^s the aridil\. 

Fourth Sftu/r. The* li(|U(*fyin|^" and prptoni/.iii^ hartrria which 
n*nuiin(*<l inarti\'(* in the sour milk find suitable ronditioriH in tin* 
alkaline nHslia for tlj(*ir .i^rcaUh. They rapid!) drroniposi^ lht‘ 
ra,Heiii. 

Abnormal Changes in MBc. At times forrimi uiidcHindilr organ¬ 
isms find their way inlennilkaiitl preidiircahiiormid and ohjislioiiahlr 
(*iiangrs. dla* If. rod nafiauium niul the //nr/,/nr//r nerre/# fypc*s 
prodiU'c ronsieirrahlr gas and disagrrexahlr odors nntl flmor- in ilir 
milk. B. ladiH tkrtfsus prodijc't*^ a :4im\ or rop\ roiiditii>ii the 
milk, dlir slimy rmidilitm is supposed to hr dtir to flic liiiirin con¬ 
taining capsule* w hiedi .siiiToniiels tlirse* harte*ria. Milk ifia\ hr iiiaaiial 
in <*olor whem first prodiie'cek hut on standing may I urn him* eliir tei 
//. cijamnjrHrH or real fine to //. rrifihrofiraim or //. pn^dijitmus. At 
a !attc*r taste* <lrve*Ie^pN in milk some lime after if has hnm 
elrawii from the* iidde»r. This, in'roreling fee < onit, i- eiiie* to a iiiieTo- 
roe*rns. 

Although fliesset c*hange's arc wry ohjrelioiialilr wlim roiiHidt*rrel 
from till* stamipemii eef tlir dairymf*m thr> an* iiof kiiemii to In* the 
riiUHC^ of illncBM. Howrvrin when milk piitrrfirs ivitli tin* profimlion 
of a hitter iilkaHiict milk illiiesss often i!of*H result from its use. This 
may he dm,* to the* poiseiiioiis ae*tieiri of the pteiiiiiiifies \eliiedi it con¬ 
tains, or proliiihly more eifteii to the hiwteriitl iiifeestioii. 

ClMses of Bacteriar-31ie hiieteriii foiiiid in milk are n lietenr 
gemtoiiH lot Imt, liceordiiig to IIiistiiigH, miiy hi! roiigtdy dividrel 
into five elitsms, m follows: 

I. Amdpmming Badrriu. There itre eamstiinlly preM‘iii in milk 
many acid-forming hacleriii. Thesi! vary in morphology, riiliiirn! 
(‘lmraeteristic*s, and prodiicdH of fermeiitiitiom They may he elivitlial 
into five groups. The nnmlmr and kind vary greatly in milk, 
depending upon tlie methods of handling, 

(a) dlw? most importiiiit organism of this group is Bmi^ Imik 
aculL The group, however, inc'liides a niimher of orgariisfiis. TIit*y 
prcnluce no gas, ii mild iicid flavor, iiiid are desiriilile. 
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ih) The best known representatives of this group are B. coli 
communis and Bact lactis aerogenes. These organisms give to milk 
a sharp tang and are the particular enemies of the cheese maker as 
they are the cause of gassy curd. They are especially numerous in 
milk which is produced and handled under unsanitary conditions 
and in such milk outnumber those of Group a, but the rapid growth 
and acid production of Group a soon checks them. 

(c) This is represented by Bacillus bulgarieus and the rod-shaped 
organisms which have been especially studied by de Freudenreich. 
They produce a curd which is easily broken by shaking and shows no 
tendency to express whey. They give to the milk a pleasant acid 
flavor and are desirable. 

(d) Acid-forming Udder j5ad6na.—These are the characteristic 
bacterial flora of the healthy udder and consist mainly of cocci with 
few bacilli. They are slow growers and may curdle milk, but the 
curd so formed resembles that formed by rennet. They produce 
acetic, propionic, butyric, and caproic acid but no lactic acid. 
They are an unimportant group of organisms, so far as the milk 
is concerned. 

2. Pei^tonizing . Bacteria .organisms digest the casein 
either with or without coagulation at times with the formation of 
an alkaline reaction. Most of these are bacilli of various shapes 
and sizes, some of them being the largest organism found in milk. 
There are both motile and non-motile varieties. Many develop 
very strong putrefactive odors. Barny or cowy odors are caused by 
this type of bacteria. They are all undesirable and their presence 
in milk indicates unsanitary condition of production and handling. 

3. Bacteria Producing Milk of Unusual •“-Occasionally 

bacteria which produce abnormal changes or so-called “diseases’" 
of milk find their way into milk from unclean surroundings. They 
produce various cpieer milks, for example, red, blue, and ^green. 
Sometimes milk develops a bitterness after it is drawn. This is due 
to the products from a number of bacteria and yeast. At other times 
milk is changed to a slimy or ropy consistency and ma}^ at times 
result in considerable economic losses. These organisms are quite 
resistant to heat and frequently pass uninjured through the ordinary 
methods of cleaning and scaldings. Because of this, dirty utensils 
once infected become a constant source of infection. 

4. Inert Organisms.---T\itse are mostly cocci which produce no 
appreciable change in milk and are unimportant. 

5. Pathogenic Bacteria .—class consists of the pathogenic 
bacteria, B. dysenteries shiga, B. dysenteries flexner, B. typhosus, B. 
paratyphosus a. and B. paratyphosus /?., V. choleres, Bact. diphtherioe, 
Bact tuberculosis, B. lactimorhimic melitensis. These organisms 
produce no perceptible change in the milk in which they grow but 
are dangerous and may give rise to epidemics. 





CHAPTER XXXIL 


MILK AND DISEASE. 

• Although milk is one of the cheapest and best of foods, yet it is 
responsible for more sickness and death than perhaps all other foods 
combined. The reasons for this have been summarized by Rosenau 
as follows: 

^'1. Bacteria grow well in milk; therefore, a very slight infection 
may produce widespread and serious results. (2) Of all foodstuffs, 
milk is the most difficult to obtain, handle, transport, and deliver 
in a clean, fresh, and satisfactory condition. (3) It is the most 
readily decomposable of all our foods. (4) Finally, milk is the only 
standard article of diet obtained from animal sources consumed in 
its raw state.^' 

Diseases conveyed through milk are of two classes: (1) Definite 
diseases of animal origin-tuberculosis, foot-and-mouth disease, 
malta fever, and anthrax, and indefinite ailments as diarrheal infec¬ 
tions and probably contagious abortion. (2) Diseases of human 
origin—typhoid fever, paratyphoid fever, diphtheria, scarlet fever, 
tuberculosis, septic sore throat, and possibly others. 

Sources of Infection.— Infection of bovine origin is very common, 
especially in the case of tuberculosis wherein the animal is suffering 
with open cases of this disease and the organism gets into the sur¬ 
roundings from the respiratory or alimentary tract. Extreme care 
in the milking process may decrease the infection from this source, 
but not so in the case of tuberculosis of the udder, which probably 
accounts for the main cases where the tubercle bacilli find their way 
into milk. 

As a rule milk becomes infected from human sources. This may 
be either direct or indirect human infection. 

Direct human infection may come from a person either sufi'ering 
with the disease or carrying the infective organism. The more 
common are the following: 

1. The most common method is where the milkers or other 
handlers of milk are suffering with a communicable disease in a mild 
unrecognized condition. 

2. A second common source of infection is where the milker or 
vender of milk has been brought in contact with sufferers of com¬ 
municable diseases and still attends to his regular work in the hand¬ 
ling of milk. 
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3. A third and probably very important source of infection comes 
from carriers who work on the farms, in dairies, or other places 
where milk is handled. 

Indirect human infection comes largely from the use of infected 
water which is used in the washing of buckets, bottles, and other 
milking utensils. Cows often have access to polluted water and 
infection from this source may find its way into the milk from being 
on the body of the animal. 

Character of Milk-borne Diseases.— Milk-borne diseases have 
characteristics which greatly assist the epidemiologist in his work. 
The most important are the following: 

1. The cases usually follow the route of the milkman and it is 
often possible to plot his route from the cases of the specific disease. 
There would thus be the inhabitants of homes where the infected 
milk is used suffering with the disease, while neighbors who use 
other milk escape. There may be many purchasers of the infected 
milk who may escape, but when careful inquiry is made it is found 
consumers of the implicated supply furnish a much higher percentage 
of cases than does the rest of the community. The smallest per¬ 
centage invasion of households is met with in scarlet fever outbreaks. 
But this is easily explained when one considers the number of missed 
cases in this disease. 

2. The outbreaks from infected milk are usually explosive. 
Sometimes the majority of the cases occur within a few days of each 
other. Usually there is little secondary infection and the decline is 
rapid on removal of the source of infection. The epidemic at Stam¬ 
ford, Connecticut, in 1895, is a good example. There w^ere 386 
cases of typhoid fever and 22 deaths in the period from April 15 to 
May 28. There were 176 persons stricken during the first week. 

Although the explosive tyj^e of epidemic is usually characteristic 
of milk-borne outbreaks, yet Parker points out that the smoldering 
kind may be very commonly due to infected milk. He cites as an 
example the experience of Hill of North Branch, Minnesota, where 
one of the physicians pointed out that In his seventeen years of 
practice during the first twelve there was no typhoid fever, but in the 
last five years native cases of unknown origin had been frequent. 
Acting on this information, a list of 21 cases of typhoid fever that 
had appeared in the town in the last five years was made, and 
inquiry showed that seventeen of the patients were regular custo¬ 
mers of a dairyman who came to town five years before, two others 
were irregular customers, and two others may have used milk from 
his dairy. It was learned that the wife of the dairyman, who washed 
the cans, had suffered with typhoid fever twenty-two years before 
and gave a positive Widal reaction, but typhoid bacilli were not 
isolated from her stools. She was forbidden to have anything more 
to do with the dairy and the proprietor was told that if another 
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m) 

priiiKirv ciinoiiiJC I*!-*' hi*- daif} wmiM l»i' 

(•1()S(‘(I. Rumors ol* liu* alFatr sproatl tlmmuli tiif town aii»i iii 
(‘UstouKTS l(‘ft him uud tlu^ familx’ ino\fi! awa\, iiflor «!ii«'li iliori' 

was no more ty{>hoi<l IVvcu*. 

It fre(|U(UitIy happc*ns lliaf the iN'ifer .ajtior iimrr ihafi 

do the poor, as thc^v ('an aflonl ujon* luilk ami iia-ii iiiorr . 

4. Ther(‘ is a. spe<‘ial inrid^aiee anaam^ milk drifikor'% tlaia* frr- 
cpuaitly Ixmig an individual who tfislikor-. milk ^ 

the nauaiiuha* of the raiiii!\' is attaeked. 

f). Women anti (diihlren arc‘ more often \ietiiiiN in lidik-liornf 
tyf)h()id than an* tlu* adult maJe pcfpulation dia^ fo tlnir ir-o of raw 
milk. 

(k Thcaa* is some (‘X'idfuiee whieli ill^iiea^f^■■H flial the iiieiilinlifUi 
])eriod is shorRu* and the mortality lower in iidlk-horiie r|miiaiiie3 

than in oth(‘rs. 

The mild eha,racier of the disisme U liuialli altrilmtefi to fhr 
attentuation of the* patlK^i^eriir- properties of the iiiiero<irLMiiisiio. 

through their growth in milk. 

7. ^lilk epickmiies of typlioid spread o\‘ii* a nither :'4iorf milk 
route, wheu’eas when milk is liroiiglil from a euiidderahii* di4aiii‘e 
then* is not tlu* likelihocHl of infeet ion, iIiiih iitdiealilig fimt ij. plioid 
germs tend to disapp<‘ar fnan milk tmder eeiinin eiiuiiitioii% 

Extent of Milk-bome Disease. The fsxteiit of milk-borne i^phh-mh':, 
cannot he* ac*euni.tc*ly mi‘{isnrf*d, as even at the preHeiif iiii\ 
eases go und(‘tc*rmined or perliiips alfrihiiled to other eaiises. lliil 
the experi(‘ne<‘ (»f Ilostoii, I\lm'*Hiie!iiiself.s, tt'liieh ims a fair milk 
supply indieat(‘s the grai’iiy of the siibjeet. 
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This indi('ates that sc‘ar!e! fever ntid septic sure thriiiif iiiii,y bi* 
eonvc*yed c‘V(m mcn’«* c»ften lliaii fyplmid fever. 

Tuhereulosis is the most iiiipoiiaiit of nil iiiilk-lioriie diseiisrH, 
I)oth beeanse of the frecfiieficy with wiiicdi it is f*fiii%'‘eyrfi itiitf the 
seriousness of thc! disemse. It may be eitln^r !io%iife or liiiiniiii in 
origin. Human infeciicm is rarer tfiitii bindiie, but it isrertiiiii lliiil ii 
tuhereular patient imiy infect milk, mid Hess in IfllHniiiiiiliy 
the human tula^rculosis bacillus fruiii it Hiiiiiplc of itiitrkef milk. 

Koch in 1901 armouii(*cd that tliere wiih pritctienlly iiti fliiiigrr of 
manks contracting tuhereulosis from flattie, but his ?4|iiteiiiriit wbh 
immediately challenged by luiiiiy Iifieteriolfigisls %ilio lum* siiwt* 
brought forth (^oneluHivc evidence of the fiilHciicss of Knedds liiciiiiio 
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The summarized English, German, and American findings in 
1511 cases are given below: 

COMBINED TABULATION SHOWING ORIGIN OF CASES OF 
TUBERCULOSIS. 


Adults sixteen ' Children five to , Children under 
Diagnosis of cases ' years and over, j sixteen years. ' five years, 

examined. ___—- 



Human. ! Bovine. 

Pluman. j Bovine. 

Human. 

Bovine. 

Pulmonary tuberculosis 

778 

3 

14 


35 

1 

Tuberculosis adenitis, axillary or 
inguinal. 

3 


4 

... 

22 

2 

24 

Tuberculosis adenitis, cervical . 

36 

1 

36 

15 

Abdominal tuberculosis 

16 

4 

8 

9 

10 

14 

Generalized tuberculosis, aliment- 
ary origin . *. 

6 

1 

t 

4 

17 

15 

Generalized tuberculosis . 

j 29 


i 6 

1 

74 

7 

Generalized tuberculosis, including 
meninge, alimentary origin . 

i 

5 


11 

1 

1. 81 

11 

Tubercular meningitis .... 

; 1 


3 


1 28 

4 

Tuberculosis of bones and joints 

! 32 

1 

1 41 

; 3 

i 27 


Genito-urinary tuberculosis . 

! 22 

1 

2 

1 



Tuberculosis of skin 

10 

3 

1 4 

1 6 

i ^ 


Miscellaneous cases: 

Tuberculosis of tonsils . 

1 



1 1 


... 

Tuberculosis of mouth and cer¬ 
vical nodes . 

1 

1 

^ 1 ■ 


1 ' • • 



Tuberculosis sinus or abscess . 

2 

1 





Sepsis, latent bacilli 


! • • • 



1 


Totals.i 940 I 15 ! 131 ' 46 | 292 j 76 


The percentage incidence of bovine infection would, therefore, 
be as follows: 


Pulmonary tuberculosis . 
Tuberculosis adenitis, cervical . 
Abdominal tuberculosis . 
Generalized tuberculosis, alimentary 

origin. 

Generalized tuberculosis . . 

Generalized tuberculosis, including 
meningitis, alimentary origin . 
Tubercular mentingitis . 
Tuberculosis of bones and joints 
Tuberculosis of skin .... 


Its sixteen 

Children five 

Children under 

s and over. 

to sixteen years. 

five years. 

0.4 

0 

2.8 

2.7 

38.0 

61.0 

20.0 

53.0 

58.0 

14.0 

57.0 

47.0 

0 

16.0 

8.6 

0 

0 

66.0 

0 

0 

4.6 

3.3 

6.8 

0 

23.0 

60.0 

0 


It is probable that the majority of all cases of bovine tuberculosis 
in man are due to infected milk, as there is little danger from meat 
since it is usually cooked and tuberculosis of the muscles is very 

Tuberculosis is quite prevalent among cows, varying in different 
places from a few to as high as 50 per cent. Savage gives from 
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Dallar tlu^ followiii^^ as Inang IIh* fniiitcf in wirinti^ placfs: 

England, 20 p<‘r ('(‘fjt.; I >rninark, Of |K*r f’caifSurdfai. 12 |inri*rnt.; 
Norway, 8/1 {XTccait.; B<‘Igiuin, 1)11 pm* i fVjTi, 

58.9 p(*r (-(‘Ip. 

It is a, g(‘n(‘raJ (•on<*i*ption that tulaaTE hacilli iHx-iir only in milk 
ol)tain(‘(l from aailinaJs suHVring with fiilH*rmilo-J> of llm iiihlm*; this 
is not stri(‘tly tnu^ as is srcai from thn foHouiiig roiiohmioiis hy 

IMoliler: 

^'TIh* tnh(a’cl(‘ hanilliis may hi* c!omon>fratml in milk from IiiIht- 
cnlar (‘ows wh(*n tho ncldnrs slnm no pms-optililf* inidoiifi* of fhi* 
diseaso (ath(‘r inaf‘ros(‘opic‘aIly or inioro‘sropirall\. 

'‘'TIk* haoilli of tniK*ronIo.sis nia\“ ho oxomird from Kiirli iidclf*r in 
sufficiiait nmnh(‘rs to prodma* infrofioii in o\pfriinriital iiiiiiiialh 
both hy ing(‘stion and ino(*ulafion. 

prcsimcc* of tho tiih«‘n*h* ha«'i!!i in tlio milk of fiihrmilar 
cows is not (‘onstant, hiil varies from iiii\ to da\ - 

“Cows scm'cding virulent milk he allVefeil ttillt tiiheniilosii 
to a d(*gr(M‘ that can lx* dc'tceted only hy f la* tiilierenliii . 

physical (‘xaminafioii or general appeantnee of the e<nv 
cannot fond(*II tlx^ inhxlivmiess of the milk. 

milk of all cows which have reitefeil fo the liil.?ereii!iii !e^4 
should lx* eonsid<‘red as snspieioiis and should lx* siihjeiled fo iferili- 
zation hefon* using.'* 

ShrcHxIiT, how(‘V(T. c*oiK*!nclc‘d that oidy 111 pm* eeiif. of tlx* eo^is 
which react to tlx* tiiher(*nlin tf*sl aefivek expel tnlierole hiicilli. 

Marked, milk ofti*n eonfaiiiH the lii}»erele hjieilli, ns nnty he Ht*eii 
from tlx* following table emiipiled Ity riirker. 


Dftto, 

18fM) 

J0D4 

1904 

1K98 

1897 
1900 
189;i 
J900 
1900 
1900 

1898 
1900 
1898 
1898 
1908 

umn 

1900 

1908 

1909 
1909 

1909 

1910 
1010 


TruKuei.E iiAC'inij i!v Miimivr milk. 



nivj-niiiiJt! 4if 

St|Hi|4r« 

|»»sn/ivr 

17 

IXfrt-UfMli-i 

n:r 

Lnidaiicl 

XllX'f.’O firii 

# i 

22 i 

(iettnmiy 

XlfilliX' 

1 Mm 

or 

n 2 

( a*rfofujy 

Briitly 

27’I 

27 

ill 11 

Liv#Tp(H)l 

1 h |r|i|||f 

ll! 

’■!'! 

17 0 

1 JviTfifKii 


2’Jh 

t 2 

V 2 

Lntxkxi 

Kloio 

Ififl 

i‘ 

7 II 

Hi. 

Hrdiarliidiow 

hfl 

1 

5 fl 

Kicsw 

BiiwIfiWfdi V 

fil 

1 

2 fl 

Krakow 

Biijwid 

till 

2 

:i :i 

Nup}(m 


11 

1 

Ml II 

BorJin 

PHri 

III 

il 

if « 

Hxrlia 

H»4k 

f»t| 

17 

:w :i 

Hchc‘v 

Off 

2# 

27 

11 1 


Jut'0<r 

mo 

1 

7 II 

Loipzic 

Kifi*r 

2111 

TI 

III, 

Hoitwlfxii 

Hifiii 

Mii 

M 


BoiLTdam 

Httiif 

1 m4 

Ifi 

2 h 

WaHhitiKiori 

Aiidi’rxoii 

2 2* 2 

U 

H 7 

Loiiisviia* 

Fi.44 

lift 

HI 

2!l o 

Now Vf)rk 

III*,*4 


17 

ill 2 

Fhiificl« 4 |i}iia 

T*mu(>y 

i:iii 

IH 

in n 

C’hk:ag)i 

Ml 

IJt 

ill. 5 

Kocliegtor 

Cloli*r 

237 

m 

12 tl 
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It has been shown that man is susceptible to the bovine type of 
tuberculosis and that the organism often is found in market milk, 
and Rosenaii estimates that probably 7 per cent, of the cases of 
tuberculosis thus have their origin. The significance of these 
figures becomes apparent when we realize that 160,000 individuals 
die each year in the United States of this disease, and 11,200 would 
get their infection from milk. 

This is a needless loss of human life, for the information now 
available is sufficient to prevent every one of these cases if milk be 
obtained only from cows which have given negative tuberculin 
tests. 

The Tuberculin Test.—This reaction should be applied to all cows 
and is carried out as follows: 

''Inspections should be carried on while the herd is stabled. If it 
is necessary to stable animals under unusual conditions or among 
surroundings that make them uneasy and excited, the tuberculin 
test should be postponed until the cattle have become accustomed 
to the new conditions. The inspection should begin with careful 
physical examination of each animal. This is essential, because in 
some severe cases of tuberculosis no reaction follows the injection 
of tuberculin on account of saturation with toxins, but experience 
has shown that these cases can be discovered by physical examina¬ 
tion. The latter should include a careful examination of the udder 
and of the superficial lymphatic glands and auscultation of the 
lungs. 

"Each animal should be numbered or described in such a way 
that it can be recognized without difficulty. It is well to number 
the stalls with chalk and transfer these numbers to the transfer 
sheet, so that the temperature of each animal can be recorded in 
its appropriate place without danger of confusion. The following 
procedure has been used extensively and has given excellent results: 

(a) "Take the temperature of each animal to be tested at least 
twice at intervals of three hours before tuberculin is injected. 

(b) "Inject the tuberculin in the evening, preferably between 
the hours of 6 and 9 p.m. The injection should be made with care¬ 
fully sterilized hypodermic syringes. The most convenient point 
for injecting is back of the left scapula. Prior to the injection the 
skin should be washed carefully with a 5 per cent, solution of car¬ 
bolic acid or other antiseptic. 

(c) "The temperature should be taken nine hours after the injec¬ 
tion, and temperature measurements repeated at regular intervals 
of two to three hours until the sixteenth hour after the injection. 

(d) "When there is no elevation of temperature at this time 
(sixteen hours after injection) the examination may be discontinued, 
but if the temperature shows an upward tendency, measurements 
must be continued until a distinct reaction if? recognized or until 
the temperature begins to fall. 
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MILK AXI> I^ISXASF, 


(e) “If tin* rcadiou is d(*trr!(‘ri prior In iIh- -ixlfnitti lnHir ihi’ 
iiieasurc'nKMits should ho ocuilinuod uitfil iht' rxfiinitini! of thi^-- 

period. 

(f) “If then) is an unusual eiiaiiKo of tcfiiprrafiin* of the ’4a!»!e 
or a suddtui cluingi^ in lla‘ weatlier, this taet should hi* reeurd«*d *»ii 

the report hhuik. 

(r/) “IF a cow is in a fehrile eoiidilion Iiiheniiliii dioidd no! i»* 
used, h(M*aus(* it would 1 h* iiupossihle to detennine ulieihoin it a ri^e 
in tcin}>(‘ra.ture o('eurr<*d, it ^’^'as due to flie fiihi‘nii!}ii or fo ,''>ofite 

transitory ilhu^ss. 

(Jf) “Tows should not he* tvstvd within a few da\ ^ after or Indore 
calving, for c‘Xp(‘rieiH‘e has shown that the noiilis a! tfii^ fiine may 

he nhsh^ading. 



(i) ^'The tuherenlin test is iior re«‘oiiiifieiidfai for enHes iiiidrr 

three months old. 

(j) “In okl, emaeiated aninnils aitfi in retests iisi* tmiei* ilie lisiiiil 

dose, for these animals arc* less scuiHitixa*. 

(k) “Condemned cattle miisf he reiitovet! from tlii* herd liial kept 
away from thosc^ that are tiejilfliy. 

1. “lt| making postmortems the carciiHHrH dioiilil he fhoroiiglily 
inspected and all the organs slioiiki In* exiiiiiiiicd. 

“No animal wliosi* tempiTitfiire dti.o"* i\ ^llir Ihi in ii 

fit subject for the tuberciiliii ti\Ht. 

“A rise of temperature to ahm* 4l.f (\ (lUI'' l\) lu itny iiiiiiiiitl 
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whose temperature at the moment of injection was below 39.5 C. 
(103° F.) is to be regarded as a positive reaction. 

“Any rise in temperature between 39.5° C. (103° F.) and 40° C. 
(104° F.) must be regarded as of doubtful significance; animals 

exhibiting such require special study.” rt x- i 

Milk-conveyed typhoid fever can be handled nearly as enectively 
as can tuberculosis by excluding typhoid carriers as producers and 
handlers of milk. This can be very easily and efficiently done by 
rec^uiring the blood test for all dairymen and their workers. 


Milk Pasteurized fdr,30 Minutes at 



Fig. 46.— The hypothetical relation of the bacterial groups in raw and pasteurized 
milk. (Tanner, after Ayers and Johnson.) 


Pasteurization.,—There are two methods of pasteurization the 
“flash” and “continuous” processes. In the flash method the milk 
is heated to 80° or 90° C. for from one to five minutes and then 
cooled to 50° C. or below- This method is rapid, cheap, and much 



MILK AND DISEASE 


In vo^ur but (lcH‘s not givc^ uniform rosiilts, not n*!iabl«% 

and dof*H not im*ot tin* appn>val t>f tho sanitarian. 

(‘ontinuous me^tlual is iniirh to bo probu’rod and ooiiuvi in 
fioa-tini^ tin* milk tc» a tomporaturo of t>.7' i \ f«»r fhirt}' uiiiiiitoA and 
them ocH)ling to ( \ or bolow. 

I'ho ideal mc*thod for homo pastourization of milk is uiilHnod in 
itosemau as fc^lhnvs: 

Pastfiiri/.ation in tlic* bc^ltlo is the porfoc'ticm of llio art. If is 
the idcail mofhod, booauso tin* dangor, howovor Nliglif, of r«*ooiifami- 
nation is (mtiroly c*liminatod. In order t(^ par4onri/o milk in boftlos 
the bottles must bo well sealed with a tighf ojU'k and oap, or «**|iial!} 
c‘flVotive st(»ppor. dlu* bottles c'onfaining the milk inajr oifliii* bi* 
imm(*rs(*d in a wafer bath, brought f«» the proper feniporMtiiris hold 
there a, sufheient length <d‘ time and then ehilled; tn' fla* iiielhotl iiosl 
in lH*er pasteairization, siieh as the laanv pasteiiri/rf'o iiia\ be iiioai. 
In this ease* the* InMlh's are subjialeci a ^pra\' or ;dita%er of !ii*afe«l 
wateT. 

“ Affe‘r the* lH)ltlt‘.s have* been thoroughly* eleaiK'd flan are pkieeii 
in till* tray (A) aial filhai with the milk or iiiixfiiri* imsi fur one 
f<‘e‘eling. dlam put on the* eorks cer pafemt Hloppero iiiilifUit bi^eio 

ing tliem tightly. 

“d'he pot f /it is now plaeiai on tin* mmndeii siirbif'e of the fable 
or fioea* ami filleel to the* support with healing tiafiu’. Iliiei' the 
tray (.11 witli the* filled botfles iiite^ flie* pot i /ll so flint lip' 
of the* tray re'sts on the* siippe^rf and jiiil eo\er * ih oii ffuiekiy, 

“Afte*r the* botfh*.s have* been wariiieii up by the -‘Uisiiii for 
minufess, re^imn'e* the eover cpiiekly, tiirii flie inty so thiif if drop:-, 
inte) the* wateu% rephm* the eover imiiiediiifely. Hiih iiiaiiipiiLitioii 
is to he* maeie* as raphlly as jamsible to avoid loss of hriif. Huis it 
remiaims for twenty-live miiiute*s.'' 

ICKrKKKXe'n?.. 

: 'rii«’ Milk ejiirfitpiii, 

I'liic .Mojk-rn Milk Fri*l4*Pi!. 

Hiivfiice: ,%lilk imU llip Uuniir llr.Jiiili, 

Fiirks'r, e’lty Milk 

LfiPf* eiiiyliiit: Milk aiel flu llviiP’iii** in'lufiojo, 

If<‘iri«aipi»: Milk. 

*rili* lliirilliri ef fpiliiC Lil#% 



CHAPTER XXXIIL 


BACTERIA IN OTHER FOODS. 

All foods except those cooked just previous to eating contain 
bacteria, the number and kind varying with the specific product and 
especially the method of handling. The greater part of such 
bacteria are without special significance. Some are beneficial and 
play an important r61e in the ripening or other changes through 
which the food passes. These are considered in a later chapter, the 
present one being reserved for a consideration of those bacteria 
which cause spoilage of food though not necessarily injurious to health, 
but of importance from an economic standpoint, and the pathogenic 
organisms which find their way into food and may infect the con¬ 
sumer. 

Bacteria in Butter.—Many of the bacteria which occur in unclean 
milk multiply and give bad flavors to the butter produced from 
such milk. This is true to such a degree that most dairies first 
sterilize their cream and then add to it a pure culture for the ripen¬ 
ing of the cream. 

Any pathogenic bacteria which find their way into the milk may 
persist in the butter. While the typhoid organism grow's well in 
fresh milk the increased acid production tends to check their mul¬ 
tiplication and may actually kill many. They are, however, fairly 
resistant to lactic acid, as seen from the following results (Krum- 
wiede and Noble): 


Reaction. Number of typhoid 

Days. • Per cent. bacilli. 

0 . 1.0 392,000 

7 2.2 65,000,000 

8 5.0 300,000,000 

9 . 113,000,000 

10. 181,000 

n. 10.0 400 


Hence, lactic acid cannot be depended upon to free butter from 
the typhoid bacilli. Moreover, numerous investigators have found 
typhoid bacilli in butter after varying lengths of time—Bolley, 
five to ten days; Heim, twenty-one days; Pfulel, twenty-four days; 
Buck, twenty-seven days. Washburn obtained the organism after 
one hundred and fifty days from butter which had been experimen¬ 
tally infected with typhoid bacilli, and Boyd reports an epidemic 
of typhoid fever which resulted from butter. Probably the longevity 
of R. typhosus in butter would vary greatly with the temperature 
and other factors, but it is quite evident that butter should not be 
produced from infected milk. 

Tubercle bacilli multiply only slowly—if at all—in milk; hence, 
it is the initial contamination which counts. But we have seen in 
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the preceding (ihapteir tliat organisms often find tlic‘ir uay info 
milk, and the following table aft(‘r liris(*oe and Ma(‘Xeal indicades 
that they often (x^eiir in hntten*. 

IN(:iDEN(!E OK TlfBKUCLE BA<nLLI IS .M\HKKT Hr’TFKH. 


Author. 

Date. 

' FInee, 

'Sam pi CM 
exam- 

inetl. 

Sample.'-i 

poMtUve 

N*r mil 
pe-.jtive 

Unuarlci, 

i^ruHaf(irro 

18{)() 

’’rurin 

0 

1 

n.i 


Roth . . . 

JH04 

Zurich 

20 

<> 

10.0 

.M ieroMfiipir mef Imd. 

OlKiniiiiller 


Berlin 

III 

8 

01.0 

Schuchurdt . 

1800 

Marburg 

42 

0 

0,0 


Oberirihller 

1807 

1 Berlin 

14 

1 1 

100.0 

10 2 btht. 

(Rolling . 

1807 

Hamburg 

17 

8 

47.0 


IlinioHch . 

1807 

j Wiim 

? 

0 

0 


Kal)inowitBc,h. 

1807 

1 B(‘rlin 

80 

0 

0 


K,abinowitH(;h. 

1807 

Bhiladelphfa 

50 

0 

0 


Festri . 
llorrrion and 

1807 

Berlin 

102 

88 

82.8 


MorgeiiroUi 

1807 

Berliti 

10 

8 

80 0 


RabinowitHch. 

1800 

Berlin 

15 

*» 

18.8 

Eir^f Heriee. 

itabinowit/Suh. 

1800 

Bcirlin 

? 

•» 

87 2 

Hf’CfiinI f'Vrrii'-'i. 

Rabinowitach. 

1800 

BctUi) 

15 

15 

100 0 

Hiird 

RabinowiiHcii. 

1800 

Berlin 

10 

0 

0 

iOmrth 

OboradiUcr 

1800 

B(;rlin 

10 

1 

40 0 


Korn . 

1800 

Endburg 

17 

4 

28 5 


Anchor. 

1800 

KtungHburg 

27 

2 

*7 


Jilgor . . . 

1800 

KbmgHburg 

8 

1 

88 8 


Coggi . . . 

1800 

, Milan 

100 

12 

12 0 


Weiaaeufield . 

1800 

Bunn 

82 

8 

0 1 


Grassberge.r . 

1800 

Wien 

10 

0 

0 


Herbert . 

1800 

Thbingen 

48 

0 

0 


Herbert . . 1 

1800 

Whrttem- 

58 

0 

0 

Ffietldutubf tr!ilft,Hi:4. 



burg 




5 per. 

Herbert . . 

; 1800 

BiTlin 

20 

0 

II 

FHeildnftilierculmiH,, 

H per. 

Herbert . 

- 1800 

Mliaehen 

5 

0 

II 

Fri*'ii*|«»f t|t?errfj|n an, 

4 per. 

AbenhauF(!n . 

*1000 

Marburg 

80 

0 

II 

Hellntrom 

1000 

HelHingfui'K 

8 

1 

12 .1 

12 rcwnpIcH, 1 b»-4l, 

lionihofT . 

1000 

Marburg 

28 

0 

0 

80 II hwt. 

Fawlowhky 

1000 

Kiew 

28 

1 

4 8 

Toblcjr 

1001 

Zurieh 

12 

2 

10 7 


Lorenz 

1001 

Durpat 

80 

0 

0 


Markl 

Herr and 

1001 

Wien 

48 

0 

II 


Jhniindt^ 

1001 

BreMliiu 

52 

II 

II 1 

Ihvu Here 

AujcHzky . 

1002 

Budiip<*i4t 

17 

8 

17 0 


Tlui . . . 

1002 

C’hriHtiiinia 

HI 

0 

0 


Teichert . 

1001 

liewui 

40 

12 

80 II 


Reitz . 

lOOO 

Stuttgart 

01 

H 

H 5 

liiitJcf frufu 

Klier . 






eiglif daifies. 

1008 

Leipzie, 

150 

18 

12.0 


Brincoe and 

Mae Neal , 

1011 

Urbana, III. 

0 

2 

88 2 


Kbcr . . , 

1012 




15. fl 

Hrcfiifieri* 

Rosenau vl al 

, 1014 

BoKtun 

21 

2 

!l 1 

52 piu" eeiit. <»f tile 

Marchiotti 

i 





«l4l»p|rf4 eiinf.aiiicfl 
fir.il biir'illi. 

1017 


25 


24 0 
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Tubercle bacilli have also been found in oleomargarine. Briscoe 
and MacNeal tabulated the analysis of 209 samples, 4.3 per cent, 
of which were found to contain tubercle bacilli. 

The longevity of tubercle bacilli in butter is even greater than that 
of B. typhosus, for Schroeder and Colton demonstrated their pres¬ 
ence in butter which had been kept for one hundred and sixty days; 



PiG. 47.—^Bacteria content and commercial score of Cheddar cheese. (After Harding 

and Prucha, 1903.) 


and contrary to prevailing opinion Mohler, Washburn, and Rogers 
found tubercle bacilli were not devitalized by cold storage, and in 
salted butter they were found to retain their virulence for six 
months. 

Diphtheria bacteria have been found in butter, and an outbreak 
at Lewiston, Minnesota, was believed to have been caused by eating 
infected butter. There had been no diphtheria in the place until a 
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boy retAirncd from the ^^''Fwiu after an atta(*k of <ii])!it!ieria. 

The milk from tla^ farm where \m lived was s(!iit to a (T(*am<‘ry and 
every family in th(^ |>la(*c, in whi(‘h thc^rc^ was diphlluana, was found 
to have used l)Utt(U‘ from this enauru'ry. MxperiuHmts havct shown 
that the diphtheria bacilli can liv<^ in butter for a month. 

Bacteria in Cheese. -If und(‘sirable sj)eei(‘s of micTCKirganisms ar(! 
present in the milk tluy will pass into the ehees(‘ and tlnu’e producij 
their harmful elfectt. This is morc^. important in ('he(\s(Mnakin|^ 
than in butter-making since it has not laam found possible to 
make many of the important varieti(‘S of (*h^^(^sc‘ from pasteurized 
milk. The baetteria most dreadc^d by tin* ch(‘<jse manufacturer arc* 
those of the li. aoli aerogetiH i^roup. ''rh(\sc* i^ive rise* to the* formation 
of lar^e holes whi(;h (tan be often tak(m to indicate* bad flavcjr as tin* 
organisms prodiute in addition to hydrogem and carlnm dioxid 
olfensive smctlling and tasting (*ompmmds. 

The baetteria of ch(;es(t imtrcaisc* during tin* first fenv w<‘c*ks (b'ig. 
45), after which thent is a (htcrcmsc*, but etvam in ripeiH‘d cheese then^ 
are millions of baderia. 

Pathogcmic; bacteria which arct in tint milk will find thedr way into 
the chectse, a,s SchrocMlctr and lirettt pundiascMl 25b samples of (4n*c*.sct 
on the Washington marked, and (?xaminc*d thcan for luhctndct bacilli 
by means of guin(‘a-pig ino(!ulati(m; 7.42 pen* c*cmt. coutaincid tubercle* 
bacilli. Probably many of thc^ tnlxjnde bafdlli die during the ripeming 
proc(3SS, but this cannot be* (*iitirely dcfxmdcu! iipcm, a,H Wiishhurn 
and Done pr(ti)ar(Ml (diecxsc* from infedcid milk and aft.cr 220 days 
produced genc^ralized tub(*rculosis by injcidion into giiinc^a-pigH* 
and even after 2()() days injcxlion of ernuLsions caused slight htsions. 
According to the findings of Rowland^ IL typh(hHm and 3/. rhairnr 
soon perisli in (du^esc*. 

Bacteriain Ine (Weatii, d'hc^ mimh(‘rof hacfcu’ia in ice cTrtam may 
at times bcj enormous. TIhua^ is only a slight dctcrease on storage, 
as is seen from the following results of I lammer and CIons: 


SHOWING THE EFFECT OF 8TOEAGE ON THE NCMBEIi OF BACTBEFl IN 


Mixed 

. 230,000 

32,800,000 

ICE CEEAM. 

120,000 172,500,000 

110,000,000 

120,0110.000 

Frozen 

. 735,000 

30,850,000 

140,000 

271,000,000 

170,000,000 

140,000,000 

Days ok 
1 . 

. 300,000 

7,750,000 

137,000 

157,000,000 

194,000,000 

70,000,000 

2 . 

. 3Ht000 

4,450,000 

210,000 

128,000.000 

210,000,000 

71,000,000 

3 . 

. 200,000 

2,435,000 


52,000,000 

102,000,000 


4 . 

5 . 

. 310,000 

1,150,000 

152,000 

300,000 

34,000,000 

39,000,000 

41,000,000 

i) . 

7 . 



139,000 

150,000 

31,000,000 

54,000,000 


8 . 



. . 



01.000,000 

9 . 





30,000,000 


10 

11 





15,000,000 



12 
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Freezing does not kill the bacteria in milk or cream; hence, ice 
cream may and does convey all of the milk-borne diseases. Further¬ 
more, the ice cream is often made in unsanitary places and handled 
in an unsanitary manner; so that even though the milk be safe 
there are numerous opportunities for infection, especially where ice 
cream is vended on the street or from the little ice-cream stands on 
the corner. 

Bolton reported experiments on the freezing of B. typhosus in 
cream. One-twentieth of the organisms were alive after one month 
and even after forty-five days some of the organisms were alive. 
Furthermore, epidemics of typhoid have actually been traced to 
ice cream. Gumming reported 23 cases which developed among 
twenty-nine persons who partook of ice cream at a school picnic 
at Helm, California, in 1916. Ice cream was the only food partaken 
of by all, and as chocolate ice crream was the favorite flavor this 
was determined to be the source of the infection. This was because 
(1) those not partaking of it did not become ill, (2) those partaking 
of it but no other food were taken ill, (3) those eating chocolate ice 
cream were taken with acute intestinal symptoms, and (4) those 
eating the largest quantity of chocolate ice cream were the most 
seriously ill. 

Dysentery is also often spread by means of ice cream. Smillie 
studied 75 cases a,nd found the etiology of them to be as follows: 


Cases. 

Contact with an acute case.21 

Contact with a carrier.2 

Contact with house cases.4 

Condensed milk epidemic.15 

Ice-cream cones.9 

Flies.6 

Milk.1 

Water.1 

Fruit.1 

Unknown.15 


The dysentery bacillus of Flexner was actually isolated from the 
ice-cream cones. 

Flamilton has pointed out that ice-cream epidemics can be pre¬ 
vented by (1) the use of ingredients with a clean sanitary history, 
(2) the use of properly cleaned utensils and a clean factory, and (3) 
the proper handling of materials by individuals with a clean bill 
of health. The first of these is to be controlled by the pasteurization 
of the milk and cream; the second by frequent inspection; and the 
last requires regular and careful inspection of all workers for com¬ 
municable diseases. 

Bacteria in Condensed Milk.—Sweetened condensed milk is not 
intended to be sterile. The large quantity of sugar added prevents 
the growth of microorganisms. But the unsweetened or evaporated 
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milk is sterilized after sealings and lienee when properly done the 
finished product should contain no bacteria. The organisms which 
at times survive pasteurization and later may cause spoilage are 
B. subtilis, B. m.esentericus, and B. coacpdans. 

The degree of heat to which all the condensed^ concentrated, and 
powdered milk are subjected is probably sufficient to kill all tubercle 
bacilli and typhoid bacilli, but Andrews' work would indicate that 
at times condensed milk may act as a differential medium for 
Staphylococci. He reports instances where at time of condensation 
a few Staphylococci Pyogenes aureus were present, but later when the 
cans were opened many were present. 

Bacteria in Bread.—The interior of the loaf reaches a temperature 
of 101° to 103° C. and the crust 125° to 140.5° C. in the baking 
process; hence only the more resistant sporebearing organisms 
would survive the baking process. Disease germs, therefore, seldom 
—if ever— occur in the freshly baked bread. However, B. wesen- 
tericus mdgatns, and probably other organisms which cause slimy 
or ropy bread, may survive and cause considerable economic loss. 

When they have found their way into a bakery the ease with 
which they are overcome depends upon whether they are in the 
yeast, on the utensils, or in the flour. If they are in the yeast, a new 
start must be obtained, and Kayser suggests the use of acidulated 
water for washing all of the apparatus and even states that some of 
the apparatus may have to be discarded. Great economic loss, 
however, results when the flour is the infected material. 

Although bread is free from pathogenic bacteria when it leaves 
the oven, this is often not true when it reaches the consumer, for 
unwrapped bread must ever remain a constant danger. But when 
once wrapped, the danger is not as great, for the wrapper acts as a 
protection and if carelessly handled tells the tale to such an extent 
that it may be refused by the consumer. 

Bacteria in Eggs.—All investigators have found more bacteria 
in the egg yolk than in the egg white, and many of those who have 
found no bacteria in egg white have assumed that this part of the 
egg possesses a bactericidal action. Rettger considers that the 
contents of normal fresh eggs are as a rule sterile, although he con¬ 
siders it quite probable that an egg yolk may become invaded before 
it is expelled from the ovary. But this he considers an uncommon 
occurrence, except when the ovary is infected with the organism 
of bacillary white diarrhea. 

The percentage of infected eggs found by different investigators 
as reported by Tanner is given below: 


Author. 

Number 

Per oent. 

examined. 

infected. 

Rettger. 

. . . . 3516 

9.5 

Rettger (10 c.c. samples) 

.... 647 

3.86 

Busimell and Mauer. 

.... 27.59 

23.70 

Maner. 

. . . . 600 

18.10 

Hadley and Caldwell .... 

. . . . 2520 

8.70 


] 
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The kind of organism and the number of times found by Rettgcr 
are listed below: 


Fresh cj^gs. Number of times 

found. 

iSlaph'ylococcus, usually aureus-Sind alb us . 74 

Siibtilis group, usually B. mesentcricus and B. ramotsua .... 00 

B. coli and closely related organisms.43 

Proteus group. 30 

Streptococcus . ‘.14 

Micrococcus (tetragenus, etc.).9 

Streptothrix.6 

Diphtheroid bacillus.5 

Putrefactive anaerobes.5 

B. fluorescens . 2 

Mold.4 

B. mucosus . 3 

Mij^ed.2 

Total. .257 


Hadley and Caldwell studied forty different strains isolated from 
eggs. They were divided as follows: rods, 28; cocci, 11; spirillum, 1. 
They found no member of the hemorrhagic septicemia, intestinal, 
proteus colon, enteritidis, typhoid, dysentery, nor diphtheria group. 

Rettger considers that under normal conditions the shell is bac- 
terium-proof. Moisture lessens its impervious character, however, 
and when combined with dirt or filth makes it possible for micro¬ 
organisms to enter and bring about decomposition. Hence, eggs 
should be stored under sanitary conditions. 

Cold storage, frozen, and dried eggs often contain millions of 
bacteria, yet of all food, so far as known, eggs are less liable to con¬ 
tain harmful products or to convey disease than any other single 
food of animal origin. They have an exceptionally clean health 
record. There is no known infection of the hen transmissible through 
the eggs to man. The literature is exceptionally free from instances 
where sickness has been attributed to eggs except in the case of 
anaphylaxis which is undoubtedly due to an idiosyncrasy of the 
individual and not to any inherent injurious constituent of the egg. 

Bacteria in Meat.—It is usually considered that the tissues of 
healthy animals are free from bacteria, but liaagland states that 
certain bacteria (chiefly micrococci) may be normally present in the 
carcass of healthy animals slaughtered for beef. These bacteria he 
considers possess no pathological significance and do not appear to 
multiply in the cold-stored carcasses, provided the cold storage 
room is maintained at the proper temperature. 

Meat kept for some time may contain many bacteria. Weinzirl 
and Newton found that four out of ten samples of meat which had 
been stored at —10° C. for one year, contained over 10,000,000. 

Chopped meats invariably contain many bacteria for the reason 
that meat used for that purpose is often that which has been dis- 
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(imled for other purposes and tluii llici luishin^^ (‘urric^s the hacteriu 
throughout the mass whi(*h is an (‘X(*(‘ll(mt m(‘diuiii for their multi- 
plicatioTK This is recognized l>y th(‘fa,et tliat WVinzirl and Xewton 
proposed a hactterial standard of not over 10,f)()(),(HH) fxa* gram f<jr 
hamburger and then found that 50 p(‘r c(mt. of thc‘ samples (‘xamiiH‘d 
by them had to he eondemn(‘d. 

Sausage always contains numerous hactcu’ia, hut as pointed out 
hy Carey the kind of organism pn^sent is more impcniant than t!ic* 
nnmher. He isolated the following organisms from 31 samples of 
sausage purcluised on the marked, in Chi(*ago: 


BacilluH cAili .. . . ,'l(l 

ProleiiH vulgariH ... . . . H 

Ji. paracAihn . . , 9 

B, JeealiH .. . . . H 

YoaBi.. . . s 

Slrcplococcu.H .. ... 


BlaphylococcuH aurrun 


Bacteria in Canned Foods. -The majorhy of the* (*anned imxits 
and fruits are free from haedcTia., hut in tln^ (‘asc* of Hwe*llt*d and 
S])oilcd products numerous organisms are found. 

Home of thcj organisms identified hy Donk as causing spoilage of 
canned goods w<^r(i as follows: 

M, acidi in cheese*. 

M. mmlioanH in roast beef, sardinc*s, and hulk granulated sugar, 
if. aand.id'iLH in hakcul laxaus. 

M. ceminH in baked beans, 
i'/. laclw in elieese. 

M. Intern in corn. 

M. fyogenes in two sainph*s of Maine* style* corn and «me sample 
of canned corn on cob. 

If. stellaim in canned roast b(*cf, 

JL doacw in canned roast hnd. 

IL delrudens in cheese. 

JL lioheniformuf in stringbeans. 

E, niegatherimi in sauerkraut luine (not canned) and cheese. 

IL niemiterwus in clieescn 
JL fmimdlii in chc*c‘se. 

IL suhtihk in corn. 

JL tfMm in cheese. 

IL 'irmoHm in ehe(‘S(\ 

IL mlatw in spinach and bulk granulated sugar. 

JL wfdchii in corn. 

IL vulgatm in two samples of corn. 


HKFKiit*:NC;KH. 

Eoseaau: Preveatativ© Medicine and Hygiene, 
’^anner: Bacteriology and Mycology of Foods. 









CHAPTER XXXIV. 


BACTERIA AND FOOD-POISONING. 

Tb.^ term ^'food-poisoning/' or ptomain poisoning, in the past 
has been used to cover a multitude of physiological disturbances. 
As Jordan points out, "that convenient refuge from etiological 
uncertainty 'ptomain poisoning' is a diagnosis that unquestion¬ 
ably has been made to cover a great variety of diverse conditions 
from appendicitis and pain caused by gall-stones to the simple 
abdominal distention resulting from reckless gorging." But even 
when account is taken of this, its toll of human life and suffering is 
great. Food-poisoning is also a great cause of inefficiency, depres¬ 
sion, sluggish mental processes, dissatisfaction, or abnormal irrita¬ 
bility which are often overlooked or attributed to other causes. 

Classes of Food-poisoning.—Present knowledge permits the follow¬ 
ing rough classification of food-poisoning: 

1. Poisoning due to the eating of foods which naturally contain 
poisonous products. 

2. Poisoning due to the eating of foods containing mineral poisons 
added either intentionally or accidentally. 

3. The eating of foods which are normally non-poisonous but 
which have been obtained from animals suffering from disease. 

4. The eating of food which has been accidentally infected with 
pathogenic bacteria in handling or preparation. 

5. The eating of foods which contain poisonous products of 
bacterial katabolism-toxins. 

6. The eating of a normal food by an individual who possesses 
peculiar idiosyncrasies toward a specific food. 

Poisonous Foods.—The first group consists of naturally-occurring 
plants and animals which are always poisonous or become so during 
certain seasons of the year. According to Chestnut there are 
16,673 leaf-bearing plants included in Heller's Catalog of North 
American Plants. Of these nearly 500 have been alleged to be 
poisonous, but fortunately only a few are ever accidentally par¬ 
taken of by man. Chestnut lists about thirty important poisonous 
plants occurring in the United States and some of these are not 
known to be poisonous except to domestic animals. Some of the 
more common are as follows: 

American false hellebore (Veratrum mridi)—mistaken for marsh- 
marigold. 
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Kcniiicky c*()(lV(^ Innj {(hinniovUidits diolnt) niista,kcii for 1nhh‘\ - 
locust. 

Hroad leaf laiiri'l ( Kalmhi lltijolln) niistak<‘n Tor 

Water lieniloctk {(^icidu nuinildld) roots inistakcii For horse*” 
radish, artichoke*, pa,rstii]), (itc. 

By far the most (common of these eases of phint-poisoiiini^ is <hu* 
to the catiuf^ of the poisonous mushrooms or “ toadstools” i Amajuita 
vimcarid), {A. 'ph(dloi(l(us‘), {A.verna), 

The symptoiris of poisonini;* with . 1 . ph(dl()ideH is thus dt*heniH*<l 
by Ford: 

“Following the consumption of tlui fungi tln^re* is a period of six 
to fifteen hours during which no sym])toms of poisoning arc* shown 
by the victims. This corr<*sponds to tlie pcu’iod of inc*ul»ation of 
other intoxications or irdcctions. '^Fhe first sign of trouble* is suddc*n 
pain of the greatest intensity localiz(*d in the abdomen, accompanic‘d 
by vomiting, thirst, and choleraic diarrhe^a witli mu(*ous and bloody 
stools. The latter symptom is by no mc^ans constant. 'Tin* pain 
continues in paroxysms often so sc'verc^ as to cause* the* p<*cidiar 
Hippocratic fa(‘ies, la fuov. oallcam: of the* KreiH*!i, and tliough some¬ 
times ameliorated in (*hara(*t(‘r, it usually n*cur.s with grc*atc*r 
severity. Tlie patiemts rapidly losci strength and flc*sh, tlH‘ir 
complexion assuming a peculiar yedlow tom*. Aftcu* thren* to four 
days in children and six to eight in adults the victims sink into a 
profound coma from which thc^y cannot be roused and d(*at!i soon 
ends the fearful and useless tragc^ly. (Convulsions rarc‘ly if war 
occur and when present indicate, I am inclined to bclicwm, a mixed 
intoxication, sp(K:irnens of Amatiita mmaaria laing eatc‘n with the 
phalloides. The majority of individuals poisont^d f)y thc! ‘dcwlly 
Amanita’ die, the mortality varying from GO to 100 pcT et*nt. in 
various accidents, but recovc^ry is not irnpossiblct when small 
amounts of the fungus arci (*at(m, (xsp(*cially if the Htimuwh be vary 
promptly emptied, either naturally or artific’iallyn’^ 

Metalhc Poisons.— Various (*amned goods have* laten repeatedly 
accused of causing poisoning, Imt th<^ cases in which this has occurred 
when the foods have been sterilizcHl l>y tin* prc'ssure method are 
extremely rare. Where it has causc^d troubh* it is usiudly duc^ to 
some metallic poison found in the c'ans and not to poisons cleveh^ped 
in the food due to l>aeterial activity. 

Asparagus is often looked upcm as one of the canned pro<ltn*ts 
most likely to cause poisoning. This is due in a large memsure to the 
fact that asparagus takes up large quantities of tin, ami sonnt imii” 
viduals are especially susceptible to tin's substance. Ilie cpiantity 
of tin, and especially copper, which is taken up in most c'ases varies 
with the amount and kind of acid found in tlie fruit or vegetables. 
Moreover, when a low or poor grade of copper is uscjd, it is more* 
readily attacked by the fruits than are the pure eornpoiinds. 
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Fairly large quantities of copper have to be eaten before death 
results, and it is doubtful whether many foods would dissolve 
sufficient to result fatally. Whereas a small small quantity of one 
of the metallic poisons taken once may cause no ill effects, their 
constant use would, for their action is cumulative. Moreover, 
sanitarians insist that chemical substances likely to be irritating to 
the human tissues in assimilation or elimination should not be 
employed in food. Each new irritant, even in small quantities, 
may add to the burden of organs already weakened by age or 
previous harsh treatment. 

Animals Suffering from Disease.—-The milk and flesh of animals 
suffering with certain diseases are continually being used without 
adequate cooking, the result being that thousands die each year from 
this cause. The majority of these cases come from the use of milk, 
which has been considered in an earlier chapter. A typical out¬ 
break of paratyphoid due to the eating of diseased meat is thus 
given by Jordan: 

'"The most characteristic examples of "food poisoning,' popularly 
speaking, are those in which the symptoms appear shortly after 
eating and in which gastro-intestinal disturbances predominate. 
In the typical group-outbreaks of this sort all grades of severity 
are manifested, but as a rule recovery takes place. The great 
majority of such cases that have been investigated by modern 
bacteriological methods show the presence of bacilli belonging to the 
so-called paratyphoid group {B. paratyphosm or B. enteritidis). 
Especially is it true of meat-poisoning epidemics that paratyphoid 
bacilli are found in causal relation with them. Hiibener enumerates 
forty-two meat-poisoning outbreaks in Germany in which bacilli of 
this group were shown to be implicated, and Savage gives a list of 
twenty-seven similar outbreaks in Great Britain. In the United 
States relatively few outbreaks of this character have been placed 
on record, but it cannot be assumed that this is due to their rarity, 
since no adequate investigation of food-poisoning cases is generally 
carried out in our American communities. 

Typical Paratyphoid Outbreaks.—Kaensche describes an outbreak 
at Breslau involving over eighty persons in which chopped beef was 
apparently the bearer of infection. The animal from which the meat 
came had been ill with sever diarrhea and high fever and was 
slaughtered as an emergency measure (notgeschlachtet). On exami¬ 
nation a pathological condition of the liver and other organs was 
noted by a veterinarian who declared the meat unfit for use and 
ordered it destroyed. It was, however, stolen, carried se(‘retly 
to Breslau, and portions of it were distributed to different sausage- 
makers, who sold it for the most part as hamburger steak (Ilack- 
fleisch) The meat itself presented nothing abnormal in color, odor, 
or consistency. Nevertheless, illness followed in some cases aft( 5 r 
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the use of V(^ry stniill portions. Witli soinc^ of tlios(‘ aflVcied iliv 
symptoms wctc very severe, hut tlH‘r(‘ \y(^rv no dc'atlis. (4‘ 

the BacilhuH enicritldis type were isolated from the nn^at. 

large and minsnally seven; outhn^ak r(^p(»rtc‘d hy MeWVemw 
oe(‘nrre;d in Noveml)er, 1008, among tin* inmat«*s of a,n industrial 
selmol for girls at Limeriek, Ireland. Then* W(»r(; <*as(*s with 

9 deaths out of the total number of 197 pupils. Idie brunt of thi‘ 
atta(*k f(‘ll oTi the first or Senior class comprising 97 girls bet\v(*(m 
the ag(‘s of thirt(;(m and sev(;nt(‘(‘n. ()ut of oo girls lH‘longing to this 

(‘lass who partook of b(‘ef st(;w fen* dinner od si<‘k(‘ued, and S of these 
di(;(l. ()iH‘ of tlu; two who wen; not a,fleetc*d at(‘ the* gravy anti 

potato(‘S but not tlu; b(‘t‘f. Some; of th(‘ im[)li('ate<l lH‘t‘f was aLs<» 
eateii as cold meat l)y girls in soinc^ of tin* othtn* elasM‘s, and alst» 
<;aus(‘d illness. Part of th(‘ m(*at had bt‘en (‘attm previously without 
])rodueing any ill (dlV<*ts. ‘T1 h‘ (‘st*apt‘ of tlmst* who partook of 
portions of the same ear(‘ass on ()(‘tobc‘r 27 and 29 (five* days (‘arlierl 
may b(‘ a(‘eount(*d for (;itlH;r by uncapuil distri!>ution of the virus cn* 
by thorough cooking wbieli d(\stroy(*d it. Some of tlie infeetive ina- 
t(Tial must, howew^eu*, have; (‘H(‘ape‘(l the roasting of the 29th, and 
multiplying rapidly, have^ rendem^d the whole* piece inte*nsely toxic 
and infective* during the* five; days that (*!apH(*d before tlie fatal Tues¬ 
day when it was finally eonsimic*cL’ d'heanimal from which flu* fore- 
(piartcr of tlu* b(‘(*f wastak(‘n luidbcu'n privat<‘ly slaughtered Ityalocal 
buteli(;r. No r(*Iiabh* informatiem could la* c»btaiiu*d about the 
(‘ondition of the* calf at, or slightly prior to, slaiiglilcr. Tlu* meat, 
how'(*V(*r, wa.s sold at so low a priei* that it wasenidently not regarded 
as of prime* (piality. In tliis outbre»ak tlu* agglutination redact ions 
of the; blood of the* patients and the <diaraefe*risfie,H tif the bacilli 
isolat(;d showe;(l the infection to Inuhie* tei a typical strain c»f IBmlbh^ 
eNtcrUidisN 

Offending Foods, Meat is so oft«*u the* cause; of pcasmiiig that 
till; te;nns ^*nu*at-]H)isoning” and fooel-peuHoning” have c*oiue to 
1 h; used almost synonymously. Of me*atH, ediie'kcn and peirk are 
more likely to cause; peasoning than are* meats from other aiiinialH, 
wdiile the; intc‘rnal organs liv(‘r and kielney are* inc^re likedy to 
contain diseaisevproelueing haOeria tlian are the* mus<*ular 
Sausages, hamburge‘r steaks, memt pie*H, pudeliiigs, and jel!ie*H arc 
espcuaally likely to c*ause; food-poisoning. This in pndiably due te» 
the products from which they are* made*, the* meiJiodH of tre*a!ing, and 
the fact that the heat usee! in (‘oe^kiiig Hue‘h feuals is lujt Hiifficiemt to 
kill the baetcTia in the; food. While thc;n; are a finv eaHi*s eiii rcu’ord 
where individuals have* he*eii poisejnejcl hy tlic laiting d freshly wu*ll- 
cooked meats they are so rare; as to Ik* of little importam*e: m flu* 
thorough cooking of meat greaitly diminislie*s the likedihfwid of 
trouble. 
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Human Infection.—It is necessary that food be protected from 
contamination during the whole process of preparation and serving 
to prevent its infection with pathogenic bacteria, as is illustrated by 
the remarkable instance reported by Sawyer where ninety-three 
typhoid cases were caused by eating Spanish spaghetti served at a 
public dinner. Investigation showed that the dish had been 
prepared by a woman typhoid-carrier who was harboring living 
typhoid bacilli at the time she prepared the d^sh. The dish was 
baked after it was infected, but the baking was shown by laboratory 
experiments to have incubated the bacteria instead of sterilizing 
the food. 

Then there is the celebrated case of Typhoid Mary, investigated 
by Saper. In the pursuit of her work as a cook in and about New 
York City she is known to have caused at least seven typhoid out¬ 
breaks in various families and one extensive hospital epidemic. 

The danger from this source is voiced by Chapin as follows: 

There are doubtless 200,000 cases of this disease (typhoid fever) 
in the United States each year. If only 3 per cent, of these become 
chronic carriers, and if a carrier remains such only three years, we 
should have a carrier population of 18,000 persons, practically 
unknown and taking no precautions against infecting others. If we 
add to these the 25 per cent, of convalescents, who for some weeks 
are excreting the bacilli in their urine, it appears that there is a very 
respectable army of unrecognized sources of typhoid infection.'" 

This is a situation which will be solved only when all handlers 
of food in public places are examined for various diseases which are 
transmissible through food. A move in the right direction has been 
made by the California State Board of Health which enters into the 
following agreement with all carriers discovered: 

have this day been informed that my excreta contain typhoid 
bacilli and that, unless unusual precautions are taken, persons will 
contract the infection from me. Realizing this danger I agree to 
observe the precautions stated below, and request that I be permitted 
to remain in free communication with other persons. 

^'1. I will take no part in the preparation or handling of food 
which will be consumed by persons outside of my immediate family, 
and I will not participate in the management of a boarding house, 
restaurant, food store, or in any other occupation involving the 
preparation or handling of food. 

^'2. I will not dispose of my excretions in a toilet to which flies 
have access without first exposing such excretions to cither a 5 per 
cent dilution of liquor formaldehyd or 5 per cent, phenol (carbolic 
acid). 

^^3. I will notify the local health ofl^icer of any cases of typhoid 
among persons with whom I come in contact. 

^^4. I will inform the local health officer of any contemplated 
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change of residence so that he (*an notify tlu‘ Stnte Board of Health 
and ol)tain its ai)proval. 

I will submit specimens for (WUJnination wlum n*(fu<*sted by 
the States Board of Health. 

I will fill out th(^ following rc!pori blank when submit!c‘d to mt* 
semi-annually, and return the saim^ to th(‘ California State Bt^ard 
of Hcndth: 

H have, during tlu^ last six months, compIuKl to the* !H*st of my 
knowledge with the five s(^parat(‘ agreements entcr(‘d into between 
rnys(4f and the California States Board of H<*alth. Brecautiems 
involved in these sc^parate agrcHammts aiv for tin* purpose of pnwcuit- 
ing typhoid infection/ 

Ptomain Poisoning. Plant ami animal tissm‘s nndcu’ appropriate 
temperature, moisture^ and atiratioii putndy. The prottins are 
broken down with th(^ formation of laisic, oflcui highly tc^xie, sub- 
stanees spoken of as ^'animal alkaloids'' or ptomains. 
eomponnds are not poisonous in <‘very (*as<». din* prc*senee of oxygen 
in tint compound secuns to be m?e(‘SHury for thedf*v(‘lopim‘nt of sinujg 
toxicity, hi putrefying Jnixtnn‘s tIi(‘S(^ toxic bodies appear on <»r 
about tlui fifth to seventh day aft<»r putndaciion seisin and disapptair 
through furt.lier cleavage morci or less rapidly yic‘lding less I’omplcx 
nitrogenous substanec^s that are non-toxie. It was fonm^rly tlumght 
that tliey played a very important part in food-poisoning. But 
reccTit work has indieatc^d that tluw ar<‘ seldom the* <*ausative agent, 
Vaughan and Navy, who have made an extcuisive study t>f ptomains, 
bav(^ proposed a V(‘ry elaborate nomenelatun* for supposed food- 
poisoning du(‘ to th(‘ir irigcHtion. Some* <d’ thcuii arc a„s follows: 


KiKh»poiH(»riinK . 
Foo(I“|»r>iHorHrt|j: . 

Milk-poiwminK , 


'r> rotokiHiijiiii 
Ifllf liyfitOtlMllliM 

(ailartofimiKriiiiH 


Botulism..-Botulism results from the eating of focal in which the 

Baeillm hotulinm has grown and (4aboratc*d a poison. Hie orgaiiism 
is a larg(‘ bacillus 4 to bg by 04) to 1.2g, having slightly ronnd«*d cucIh 
and they may arrange^ tlKunHc4ves in pairs, end to end, or in an 
unfavorable (uivironment in long chains. It is a strict amictrofift,, but 
may grow uiider impcTfcct anaerobic conditioiis if in symbiosis wifli 
certain aerobic baetcTia. Hh* optimum tcunpcTatiire for the growth 
of the Iiac’illuH and for the elaboration of tin* poison is between 2Cf 
and 30® C. The vegetative c*f4Is an* c*iisily dcxntroyed by liciit, luit 
the spores are cpiite resistant (a(‘eording to \'ini Krmengiui, Kfp C. 
for fifteen minutes), but I )i(4{son considers tlicun even more resistiint. 
Thorn and associates isolated strains from asparagus which survived 
steaming under 10 pounds’" pressure for fifteen minutes, or a tem|a?ra- 
ture of 100® (,k for one hour. They remain visalile, according to 
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Dickson, for months or even years if protected from the action of 
light and air, even though the medium in which they are immersed 
is of acid reaction. The toxin which they produce is quickly de¬ 
stroyed by exposure to the action of light and air, but will maintain 
its virulence for six months or more if kept in the dark and sealed. 
According to Van Ermengen, the toxicity is diminished by heating 
at 56^^ C. for three hours and destroyed by heating to 80° C. for half 
an hour or by boiling. Dickson found that the toxin may develop 
in mediums such as green corn, artichokes, asparagus, apricots, and 
peaches to which no traces of animal proteins have been added in 
addition to the various meats. 



Fig. 48.—Bacillus Botulinus. (After Dickson.) 


The pronounced symptoms which develop on the ingestion of the 
toxin are thus described by Wilbur and Ophuls: 

^"Girl, aged twenty-three, Tuesday evening, November 23, 1913, 
ate the dinner including the canned stringbeans of the light green 
color together with a little rare roast beef. The following day she 
felt perfectly normal except that at 10:00 in the evening the eyes 
felt strained after some sewing. Thursday morning, thirty-six 
hours after the meal, when the patient awoke, the eyes were out of 
focus, appetite was not food, and she felt very tired. At night she 
had still no appetite, was nauseated, and vomited the noon meal 
apparently undigested. Friday morning, two and ono-half days 
after the meal, the eyes were worse, objects being seen double on 
quick movement, and it was noticed that they had a tendency to be 
crossed. A peculiar mistiness of vision was also complained of. 
She was in bed until late in the afternoon, when she visited Dr. 
Black. She had had some disturbance in swallowing previous to 
26 
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this time and stated that it felt as if' something came up from below’ 
that interfered with deglutition. The fourth day she remained in 
bed, was much constipated, and noticed a marked decrease in the 
amount of urine voided. There was at no time pain except for 
occasional mild abdominal cramps, no headache, subnormal tem¬ 
perature, and a normal pulse. The fourth and fifth days the breath¬ 
ing became difficult at times and swallowing was almost impossible. 
The patient complained of a dry throat with annoying thirst. The 
sixth day there were periods of a sense of suffocation with a vague 
feeling of unrest and as if there might be difficulty in getting the 
next breath. The upper lids had begun to droop. The voice was 
nasal. When the attempt w^as made to swallow liquids they passed 
back through the nose. The patient felt markedly weak. 

“Physical examination at this time showed ptosis of both upper 
eyelids, dilatation of the right pupil, sluggish reaction to light of 
both pupils, apparent paralysis of the internal rectus of the left 
eye, normal retina, inability to raise the head, control apparently 
having been lost of the muscles of the neck, inability to swallow, 
absence of taste. The tongue was heavily coated and the throat 
was covered with a viscid whitish mucus clinging to the mucous 
membrane. The soft palate could be raised but was sluggish, 
particularly on the right side. The exudate on the right tonsil was 
so marked that it resembled somewhat a diphtheritic membrane. 
The seventh day there was some change in the condition; occasional 
periods occurred when swallowing was more effective, and there was 
less tendency to strangle. On the eleventh day there w’’as some 
improvement of the eyes,, still strangling on swallowing, sensation 
of taste was keener, and the general condition improved. The 
twelfth day the patient was able to move her head, but was unable 
to lift it except when she took hold of the braids of her hair, and 
pulled the head forward. The eyes could be opened slightly, speech 
was less nasal and more distinct, and improvement in swallowing 
was marked. At the end of two weeks the patient was able to take 
soft diet freely, and at four weeks she was up in a chair for a couple 
of hours complaining only of general weakness and inability to use 
her eyes. At the end of five weeks she was able to leave the hospital 
and return to her home and later to resume her regular work.” 

Prevention.— The prevention of food-poisoning from canned foods 
consists of processing the material according to the best experience 
available, the selection of good, sound material and the rejection of 
any infected material. Dirty, wilted, and partly rotted food carries 
many more organisms into the canning process than does fresh, 
sound, clean fruits and vegetables. Dirty tables, dirty jars, lids, 
and sewage-polluted water and flies are sources of contamination 
which should be eliminated. 

When a can presents a convex appearance (technically called a 
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blown can”), or on opening a can a foul smelling gas escapes, it is 
a w’'armng to the consumer that the contents should be destroyed, 
not salvaged, fixed up into salads, mincemeat, or made-over dishes 
for human consumption, nor should it be fed to lower animals as 
there are many cases in which chickens and other animals have been 
killed by such products. This probably distributes the organism 
on the premises- 

At other times the products have a peculiar rancid odor resembling 
spoiled butter which becomes more pronounced on standing. Such 
vegetables should not be tasted, but destroyed. All vegetables 
which have been put up by any other than standard methods should 
be boiled before being eaten or even tasted, and no such products 
should be served as salads unless they have been cooked after remov¬ 
ing from the container. 
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CHAPTER XXXV. 
PRESERVATION OF FOOD. 


Where a race is dependent upon a local or seasonal supply of 
food it occurs that in one district or during one season there is an 
abundance, whereas in another locality or at another season there 
may be a scarcity which at times amounts to a famine. This state 
of affairs was very common in the earlier history of the race, but 
modern methods of transportation and food preservation has made 
it possible for the modern individual to have a sufficient and varied 
diet at all seasons. ■ A varied diet is more certain to contain all those 
constituents which are essential to the body needs than is a restricted 
or monotonous diet. Moreover, it is well recognized today that 
nutritional disorders are more likely to occur on a restricted than on 
a varied diet. Hence, the general result of the expansion in the 
kinds of food consumed is good, but the food should be preserved 
in a manner such that as little as possible of the nutrient constituents 
are lost; so there is little change in appearance and taste and nothing 
is added nor developed in the food which is deleterious to health. 

Heat, cold, drying, and the use of some chemicals have long been 
in use for the preservation of food, but it is only recently that the 
art has been developed to its highest perfection. This is due to the 
fact that the art of food-preserving depends upon the science of 
bacteriology, and today it is possible to preserve some foods indefi¬ 
nitely without injuring their nutritive value or seriously interfering 
with their taste and appearance, and all such methods are legitimate. 

But “the chief harm has come from the blind use of chemical 
germicides without regard for their harmful properties. The 
simplest and cheapest way to preserve food is by adding one of these 
chemicals and the method was, therefore, seized upon by alert men 
whose chief interest was of the pecuniary kind. The question was 
to find the smallest percentage of a chemical which would prevent the 
decay of some particular food product, trusting to luck that the 
preservative used would prove harmless to the consumer. Often 
these chemicals were added with a liberal hand; further, it was soon 
foimd that chemical preservatives could be used to preserve food 
products for the market from materials already so decayed as to be 
unsalable in their original condition.” 

Methods of Preserving Foods.—Methods of preserving foods may 
be roughly classified as follows: 



METHODS OF PRESERVING FOODS 


405 


1- Physical —The more important methods of this class are heat, 
cold, and drying. The last two are regarded by the sanitarian as 
antiseptic rather than germicidal, as they usually arrest the growth 
of the organisms, but do not kill them. 

2. Chemical.—Under this class we have two groups. 

(a) Those chemicals which preserve through their influence 
upon the medium in which they are placed. The majority of these 
act by increasing the osmotic pressure of the solution, and the 
important constituents used are salt and sugar. These are without 
objection from the hygienic standpoint. 

(b) Those substances which bring about a chemical change within 
the medium in which they are placed or which combine chemically 
with the living protoplasmic substance, or inhibiting their natural 
functions. Their function is then to prevent bacterial digestion. 
They are for the most pai^ injurious, for if bacteria have attempted 
to digest food and failed, man need not try. 

Cold.—Cold has come in recent times to be of inestimable value in 
food preservation, and such food usually commands a higher market 
value than food preserved by other means. This is due to the fact 
that refrigerated foods in most cases very closely resemble in 
^PP^s,rance, taste, and nutritive value the fresh article. Food 
can be kept in a satisfactory condition in cold storage for a very 
long time. The time varies with the specific article, its condition 
when placed in cold storage, and the temperature at which it is kept. 
Moreover, some foods such as meats pass through a stage of ripening 
while in cold storage so that when removed they have developed a 
tenderness and even more delicate flavor than that of the fresh 
product. 

The temperature at which foodstuffs must be kept varies with 
different articles. Fish are usually frozen, dipped in water, and 
refrozen. The formation of a coating of ice acts as a protection 
against bacteria and also prevents dessication. They are then 
stored at 16° C. Smith has shown that fish may be so kept for as 
long as two years without depreciating in nutritive or sanitary value. 

Meats are usually surface-dried before they are placed in cold 
storage. This prevents the formation of a film of water on the 
surface which under some conditions .may act as a good cultural 
medium. Eggs and milk are materially injured by freezing; hence, 
they are ordinarily kept at a temperature just above 0° C. 

Cold is a disinfectant and not a germicide, and although a tempera¬ 
ture of 0° C. will prevent the growth of pathogens, some saprophytes 
may actually multiply at this temperature, but as the temperature 
is decreased the pathogens slowly succumb. Nevertheless, cold 
alone should not be relied upon as a protection against pathogenic 
bacteria. 

Most animal parasites die if kept in cold storage long. Rosenau 
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gives the following periods for some: Trichinae die at or below 5° C. 
in twenty days; Taenia saginata, the beef tapeworm, dies in twenty- 
one days; but Taenia solium, the pork tapeworm, may live more 
than twenty-nine days. 

Food spoilage in cold storage is usually due to wrong temperature. 
This is often true of the home icebox which is usually placed so as 
to be convenient, not considering practicability, and a survey of 
such refrigerators revealed the fact that the temperature is often 
15° C. or higher. Such a temperature is ideal for rapid bacterial 
growth. 

Foods taken from cold storage spoil rapidly as the bacteria in and 
on the food have not been killed and the freezing has loosened up the 
texture so the microorganisms can gain entrance. Moreover, the 
enzymatic change which proceeds in the cold-storage product gives 
rise to substances which accelerate bacterial activity. 

—Nature's method of preserving foods is by drying, 
for this is the universal principle used in preserving seeds. Bacteria 
must have moisture to grow and multiply, and if the dessication be 
great enough they die. Pathogens die quite rapidly when dried. 
Furthermore, fruits, vegetables, and meats when preserved by this 
method are usually cooked before eating; hence, the process has a 
decided sanitary as well as economical significance. Although 
nothing is added to the dried food and only water is lost, yet some 
dried food loses its savor and probably at times decreases in digesti- 
bihty. 

The effectiveness of drying as a means of food preservation 
depends upon the completeness of dessication and the specific food. 
Those foods which are rich in soluble constituents are easily pre¬ 
served by this method, for while the moisture present may be 
considerable yet the osmotic pressure in the solution is too great for 
bacterial growth. This is the reason grapes, apples, and prunes are 
so easily preserved by drying, whereas meats and some fruits are 
preserved with difficulty. 

A great variety of foods, such as meat, fruit, eggs, and even milk, 
can be successfully kept by drying. According to Rohn's classifica¬ 
tion the following groups of foods can be kept by this method: 


Group I.Protein Foods 

Group II.Carbohydrate Foods 

Group III.Proteins -f- Carbohydrates 

Group IV.Acids + Proteins + Carbohydrates 


Pressure.—'Die use of pressure for the preservation of foods 
is yet in the experimental stage. Hite and coworkers found that the 
bacteria which cause spoilage in many fruits can be killed by press¬ 
ure. Apple juice kept for five years after being subjected to a 
pressure of from 90,000 to 120,000 pounds. Peaches and pears 
exposed to a pressure of 60,000 pounds for thirty minutes never 






METHODS OF PRESERVING FOODS 


407 


spoiled. Inconsistent results were obtained with blackberries, 
raspberries, and tomatoes, thus indicating that more work is neces¬ 
sary before it can be used on a commercial scale. Larson, Hartzell 
and Diehl found that a direct pressure of 6000 atmospheres kills 
non-spore-forming bacteria in fourteen hours. A pressure of 
12,000 atmospheres for the same length of time is required to kill 
spores. They think sterilization by means of pressure may prove 
valuable from a medical viewpoint as cultures so killed were found 
very effective in immunization. They are disposed to attribute the 
sterilization to the sudden change in the osmotic tension of the fluid 
in which the bacteria were suspended. However, Bridgman's 
results indicate that it may be due to the coagulation of the bacterial 
protoplasm. 

Canning'.—This process in most cases leaves the food sterile. 
It is, therefore, a sanitary safeguard, and can be used with most 
meats, fruits, and vegetables, and if properly conducted yields very 
satisfactory products. 

The method used and the success met with varies with the 
different products and their condition at the time of canning. Acid 
foods or those containing large quantities of soluble constituents 
are canned with considerable ease as compared with the neutral 
substances (corn, peas, and beans). 

The various methods used may be arranged under three groups: 

1. The heating of the products under pressure for a sufficient 
time to sterilize. This method although it requires the use of an 
autoclave is more efficient and requires less time than the other 
methods. It is used very extensively in large canneries, whereas 
the intermittent and continuous methods are used to a greater extent 
in the home. 

2. The intermittent method consists of heating the products 
on three successive days, maintaining the food at a temperature 
between heating such that spores will vegetate. The objection to 
this method is the time necessary in the preparation of the finished 
product, and anaerobic organisms may not germinate in the intervals 
between heating but may later with the production of toxins. 

3. The continuous or cold-pack method is being extensively 
used of late, but Dickson and later Thom and coworkers have shown 
that the temperature is not always sufficient to insure the death of 
all injurious organisms. 

Sugar arid Sa/i.—Sugar and salt preserve by increasing osmotic 
pressure and are very extensively used as they are without injury 
upon the health of the consumer. 

Sugar is largely used in the manufacture of jellies and preserves. 
These substances are cooked in the preparation, and this together 
with the high* osmotic pressure of the solution renders them free from 
pathogens. . 
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Salt is extt‘nsivc‘ly ns(^(l in tin* pn\sci-vati(>n of iiie‘nt.s and picklan, 
and onr kiiovvl(‘d|i:(‘ ('(HKtnaiini^^ tin* action of sail is more exact than 
it is eoncerning sugar. 

Tanmu* lists the various n^asems whi(‘h have !H‘eii astTiljed for the 
keeping powers of salt as follows: 

L Exerts a poisonous action. 

11. lenders tlu^ inoistun^ unavailable* for mierocirganisins. 

HI. Destroys tlie e<‘lLs hy plasuiolysis. 

Salt docs not reiuler the* niediuin sterile* hut excul.s a Sfledive 
action upon the* hact(‘rial tlora. A 7 to 1(1 per cent, solution of salt, 
according to Stadku*, inhi!)it(id the growth of tin* following orgaiiisiiiH: 
B, (\)li ao 7 nvnni(% H, viorhljirnihs horu, IL mkridilLs, H. ipruftHHi 
imlgariH, and //. hatidvrius’. 

])e Freytag and Stadku-feuind that a saturated salt .sf^liition had 
the following eflVet upon ha(1(‘ria: 


INFLliKNOK OF CONCENTKATKO SALT H(UJ TIOK ON liACT'KKlA. 


Author. 

Orgimi«ra. 


Fr©yta|,r, 

H. anlkmciH 

X«»l killt'tl iif!**r a iiumimr id Ipuirn. 

Ereyt,ag . . 

/L miihrariu 

X<*t killed isi ^1% 

Freytag 

H, titphuum 

Killed iiflr*r Ini- iiPUiflia. 

Btadler . , . . 

/A tuphmuH 

Nel killed in lieelcH. 

Freytag 

H. diphlhf flu 

Kot killr*d in flsri'i* 

Stadler . . . . 

li, dii>h(htriit 

Mot kilirfi in four ftiid a half tti-idtH. 

I'Veytag 

H. iiihrnudtnrm 

Mot killf’d ifi tfiree niorUlis 

Btadler . . . . 

H. prnlin 

Mof killer! in wn-li-n 


Ilomer found that IL iMdidvNV,^ does not flevelop in fiiedia eon- 
taining over h per cent, of salt, ami In* <'ortsic!(Ts meiif mhieli in 
properly covered with tmne* safe*. But inueli higher f*oneeiitriitifUts 
- 12 to If) p(‘r c‘(‘nt. acting for Hevcuity-five days are rif*f*esHiiry to 
destroy the haet(‘ria, and vvtm then ptoiiudiiH which had previfainly 
IwHUi formed in the food wouhl not he rendiTeti liarniless. 

It is cjuite evident from tlK‘He rf‘sults that salt is an efficient food 
preservative. It does not, liowever, flestrciy pathogens, iitici in 
dilnte solutions the organisms iiivtdved in food-poisonifig miiy 
develop. 

Chemical PreBenratiYes.--Al! autiioritiixs are agreial that the 
preservation of food by drying, refrigeration, lieiitiiig, tmuiiirig, 
salting, and preserving witli sugar is justified on tlieoref icul grounds 
as well as practical expcTienee, whereits the \m* of su!i>liites in smisage 
and chopped meat, the addition of fornuilchdiyd tc# milk, or of horie 
acid or sodium flourid to hotter are object ionahle from tlie stand-* 
point of public health. The addit ion of siilphites t o mi*iit is esfMTutilly 
objectionable, as it places in the hands the iinscrtipiiloiis flcmler a 
method of concealing the signs of deaiinfMmition in in addition 
to being injurious to the health. 

The use of other preservatives such as lienzoic acid and socliiuii 
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benzoate is defended by some authors, while others argue that any 
chemical which is poisonous in large quantities should be considered 
as poisonous in small quantities until the contrary is proved. This 
can be determined only by tests extending over long periods, for 
whereas one dose may not be injurious the continuous use may. 
So it is best to exclude as far as practical the use of chemical pre¬ 
servatives from food. The subject is well summarized by Jordan 
as follows: 

^'The remedy is obvious and has been frequently suggested— 
namely, laws prohibiting the addition of any chemical to food except 
in certain definitely specified cases. The presumption then would 
be—as in truth it is—that such chemicals are more or less dangerous, 
and proof of innocuousness must be brought forward before any one 
substance can be listed as an exception to the general rule. Such 
laws would include not only the use of chemicals or preservatives, 
but the employment of substances to 'improve the appearance’ of 
foodstuffs. As already pointed out, the childish practice of arti¬ 
ficially coloring foods involves waste and sometimes danger. It 
rests on no deep-seated human need; food that is natural and 
untampered with may be made the fashion just as easily as the color 
and cut of clothing are altered by the fashionmonger. The incor¬ 
poration of any chemical substance into food for preservative or 
cosmetic purposes could wisely be subject to a general prohibition, 
and the necessary list of exceptions (substances such as sugar and 
salt) should be passed on by a national board of experts or by some 
authoritative organization like the American Public Health Associa¬ 
tion.” 

An advance in the right direction was made by the passage of the 
National Food and Drug Law in 1906. This is being rapidly 
incorporated in the statutes of the various states. According to 
this law a food is adulterated: 

1. “If any substance has been mixed and packed with it so as to 
reduce or lower or injuriously affect its quality or strength. 

2. “If any substance has been substituted wholly or in part for 
the article. 

3. “If any valuable constituent of the article has been wholly or 
in part abstracted. 

4. “If it is mixed, colored, powdered, coated, or stained in any 
manner whereby damage or inferiority is concealed. 

5. “If it contains any poisonous or other added deleterious 
ingredient which may render such article injurious to health. 

6. “If it consists in whole or in part of a filthy, decomposed or 
putrid animal or vegetable substance or any portion of an animal 
unfit for food, whether manufactured or not, or if it is the product 
of a diseased animal or one that has died otherwise than by 
slaughter.” 
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Those chemical preservatives concerning which there is a question 
as to their influence upon the health need only be listed on the article 
leaving the consumer to decide for himself as to whether he cares to 
use it. 
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CHAPTER XXXVI. 


BACTERIA IN THE ARTS AND INDUSTRIES. 

Bacteria play an ever-increasing part in the arts and industries 
and man is learning that the majority of them are his friends and not 
his enemies. In addition to the processes considered in the preced¬ 
ing pages bacteria play a leading role in many important industries, 
a few of which are briefly considered below. 

Alcoholic Fermentation.—-The development of bacteriology as a 
science is intimately associated with the history of fermentation. 
Some of Pasteur’s classic studies dealt with this subject and ever 
since it has commanded considerable attention. 

Although from a commercial viewpoint the yeasts are of first 
importance in alcoholic fermentation, yet there are many bacteria 
which produce alcohol, for instance: 

B,fitzianus, ferments glycerin with the formation of ethyl alcohol. 

-B. ethaceticus ferments glycerin, starch, sucrose, lactose, glucose, 
mannite, and arabinose with the formation of ethyl alcohol and 
acetic acid. 

A number of bacteria, chief among which are R. hidyliciis, B. 
R. orthobutylicuSj B, amylozymej and Beijerinck’s genus Granulo- 
bacter, ferment carbohydrates with the production of butyric acid. 

Recently Northrop and coworkers have outlined a method of 
producing acetone on a commercial scale, ethyl alcohol being a by¬ 
product. The organism used is B. aceto-^thylicum which acts on a 
solution of beet molasses. The fermentation yielded from 8 to 8.5 
per cent, of the sugar as acetone and 20 to 21 per cent, as ethyl 
alcohol. 

Milk usually undergoes lactic acid fermentation, yet Koumiss, 
Matzoon, KeflSr, and Leben all contain alcohol and bacteria play an 
important role in their fermentation. 

Vinegar.—Many species of bacteria have been described which 
produce acetic acid. They are all closely related but differ slightly 
in morphology and fermentative power. It is believed that the 
oxidation of the alcohol is due to an intracellular enzyme. All of 
the organisms are bacilli and a few of the most common species 
are as follows: 

Bacterium 'pasteurianum-non-motile rods, Iju x 2yu, that do not 
form spores. Their optimum temperature is about 34° C. They 
develop best in solutions not over 9.5 per cent, of alcohol and 
produce under favorable conditions about 6 per cent, of acetic acid. 
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BacUriuvi ffcJinke/nhaahi and s(^v<‘ra,l rc^Iatc'cl s{h‘<*h‘s are tti<* main 
factors in tlie produdion of vin(‘|i^ar by tla^ (|UU'k™vi!a‘|rar prooc*ss. 
The organisms vary considerably in sizc^ O.b 0.4pt x fi/i. Tlieir 

optimum temperature is 25"". Zlf (b They producn^ as high as 

11.5 l)er cent, acetic; acid. In the absence c»f siiffidcmt alcohol the 
acetic acid may be oxidized by tluan to carbon dioxid a,nd water. 

Two methods of pr(‘paring vinegar arc; in general usc‘ Ul the 
Orleans and (2) the Quick, or (JcTman Mc^hocl. 

1. The Orleans Method is the old(\st (*omniereial mdhod and 
produces vinegar of the highest quality. Th(;rc‘ arc; many moflifk*a“ 
tions of this method Imi they all contain (‘Hsentially the saine 
principles, ddu; filtered wine* is placed in barrc*Is or (*ov«»recl vats 
furnishc^d with openings so the; emtranee of air is facilitated and can 
be eontrolled. The; r(;(;(*ptaele; is lllleel about twedhirels full a! a 
mixture of four parts of good, ne*w vine*gar and six parts of win<% 
preferably that which has he‘em paste*nriz<*<l at 55'* (\ At timc*s 
there is placed a light woodem grating whif‘h floats and helps to 
support the bacterial film. A small epiantity of a good bneterial 
film is pla(*cd in as a startcT. Pe;rio<n(*a)ly a portion the eoiilenfs 
is drawn off a-nd replae'csl by wine*, and ho the proe’css e’oiitiiiiies. 

2. In the Qni(;k or (Jerman Method tlie liquifl to be* acetified 
is allowed to trickle; through barrels filled with bea*c‘h chips, the 
pressed pomaea; of re;d wine*H, rattan shavings, (*orii <*obs, or ehareaad. 
Although the fnain function of tliesc; is to incTeaim* aeration, yet the 
best results are obtained with the; !Ha;eh Hliaviiigs m pomace. 

Sauerkraut. » The (‘abbage* is e*leaned, cut into pie;ce*H ref <*on- 
venient size, and tightly packeal with freun 1 fcj 5 p<!r camt. of suit 
into wooden or earthem \TS.Hr*lH on tin* top of which is plaraal a 
weighted pcirforateal cover. This, toge^ther with the; osmotic pia*SH- 
ure of the salt, draws from the vegetable* <aaLside‘rabIe water. 11a; 
respiration of the eadls of the half anel the; yeiist seam remove all 
oxygen. The mass undergm^s lactic ii(*id fe^rmimtiitioii wliic»li in 
time reaches from 0.5 to 1 per cent. The; brine is then rlniwn off 
and replaced by 4 to 8 per camt. salt solutiem. In this the vege*tafile 
will keep for a eonBick;rable time. Many substjinca^sAire proelticaal 
in^the proeaxss, the chief of which are lac*tic acid, akajhol, sucainie* 
acid, volatile acids, mannite, amid bcKlicas, cairboti dioxid,Jiyelrogcm, 
methane, and various aromatic esters. 

The bacteria responsildc for the proca'‘SS come from the vegetable. 
Although Weiss has isolated 65 rlifferent species of bacteria from 
sauerkraut, probably the principal changes are due to a few species. 
The lactic acid is usually produced by Stmfdimaceim Imikm find 
Bacterium ladm addi. 

By similar means other vegetables—stringbeans, mmmnhtm, 
etc.—may be preserved. 
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Ensilage.—The changes through which ensilage passes during its 
curing was looked upon a few decades ago as being entirely microbic 
in origin, but due to the work of Babcock and Russell (1906-10) 
opinion swung in the opposite direction to such an extent that 
microorganisms were generally considered as of little if any signifi¬ 
cance in the normal fermentation of silage. Later (1912) Esten 
and Moson considered the process entirely bacteriological. Three 
chief fermentations were thought to take place: the lactic acid, 
alcoholic, and acetic acid fermentation. The lactic acid fermenta¬ 
tion was thought to be due to organisms similar to those concerned 
in the souring of milk. It was also believed by these workers that 
yeasts cause an alcoholic fermentation and that acetic acid bacteria 
then oxidize the alcohol so formed to acetic acid. Samarani con¬ 
cludes that the acetic acid fermentation in silage is due to the res¬ 
piration of the plant cells, while the lactic acid fermentation is due 
to bacterial action. The organisms responsible for the latter proc¬ 
ess were identified by him as a bacillus and a coccus which occurred 
in about equal proportions. The former he designated as the B. 
acidi lactici of Hulppe, and the latter was considered identical with 
the common streptococcus of milk. 

Counts made by Bherman on silage juice showed the presence of 
from 1,500,000,000 to 4,800,000,000 per cubic centimeter, most of 
which were slender rods, and he considered the organisms con¬ 
cerned to be nearly related to the B, bvlgaricus group of milk and the 
B, acidophilus groups. 

However, the temperature, kind of silage, and other factors 
would govern the bacterial flora, and Gorini distinguishes four types 
of grass-silage prepared in pits, depending upon the predominating 
type of bacteria as follows: (1) Butyric, (2) lactic, (3) putrefactive, 
and (4) sterile or atypical. If the silage stage reaches a temperature 
of 60° C. butyric organisms predominate; if 50° C. lactic organisms 
prevail; putrefaction occurs at lower temperatures, and sterile or 
atypical when the mass becomes superheated. Butyric silage is 
objectionable because of the odor and taste which it is apt to impart 
to the milk 'fend the bacteria which enter from the surroundings 
render the milk unsuitable for cheese-making. 

The acid-produqing bacteria of silage are found constantly on 
corn fodder, so that silage made from corn is always amply seeded 
with the organisms, but Gorini achieved considerable success by 
inoculating fresh grass-silage with lactic acid bacteria, and Crolhois 
found that the inoculating beet silage with lactic acid organisms 
preserves it better, furnishes a more nutritive product, and sup¬ 
presses the diseases to which the cattle fed on non-inoculated pulp 
are subject. 

At least from a theoretical basis this would seem quite probable, 
for it is known that beets contain in addition to many other products 
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cholin and betain. The quantity of this last product in the ripe 
beet is 0.1 per cent., in the unripe beet 0.25 per cent., and in the beet 
molasses as high as 3 per cent. The quantity may be even greater 
in the leaves and upper part of the beet than in the main beet. 

Now certain organic reactions are known which relate these 
products to a toxic substance. Cholin on oxidation and the subse¬ 
quent elimination of a molecule of water passes into betain: 

CH2CH2OH CH2 

/ / \ 

(CH3)3N + 20 = (CHsjaN 0=0 + 2H.O 

OH O 

Cholin. Betain. 


This is a typical oxidation and dehydration reaction which could 
be brought about by mold or bacteria under aerobic conditions, 
whereas betain can be converted into muscarin through being made 
to take up water and reduced thus: 


CH2 

/ \ 

(CH3)3N c=o 
o 

Betain. 


CH 2 —CHO.H 2 O 

/ 

•+ H2 + H2O = (CH3)3N 

OH 

Muscarin. 


This is a reaction which theoretically could be catalyzed by bac¬ 
teria or molds and would probably occur under anaerobic conditions. 

It, therefore, appears plausible that under appropriate tempera¬ 
ture, moisture, aeration, and microflora there may develop in beet 
silage toxic compounds. 

Retting.—The separation of the fibers of flax and hemp is brought 
about by a complex fermentation in which bacteria dissolve certain 
pectin bodies which cement the fibers together. The reaction 
occurs best at a temperature of 30° to 32® C. and is due to many 
species of bacteria. In the water-retting of hemp, the anaerobic 
butyric acid bacteria (Clostridia) play a leading role, and the water- 
retting of flax is ascribed to a specific anaerobic bacillus (Granu- 
lobacter peotinowrum ). 

Tanning.—Animal skins are tanned in order to increase their 
resistance to decomposition and also to increase their adaptability 
to the various purposes to which leather is put. In tanning bacteria 
play important parts. When the skin is soaked in baths rich in 
organic matter an energetic bacterial flora soon develops which 
quickly softens the hide. Bacteria cause the depilation and removal 
of the hair by which the dermis is separated from the epidermis and 
the hair which accompanies it. This is true in the sweating and lime 
methods, whereas the alkaline sulphid and arsenic sulphid are both 
chemical methods. 

The third step i^ process is conducted in the excrement or 
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^ ^^Hunis, pigeons, and dogs. 

Ili*r«‘ «'t irn«‘ diif^'.-iiiai uf fin* hidr i-; (*arried on by l)aet(iria. Wood 
ji*ii* 1 4;itI ’* '|ir8*if »> 1 4 ilart<*ria trout suclt a, t.ul)^, tu) one of which 
'^'d 1 Iff briiiging abttnf the (I(‘sir(‘d (ha,nge, but all 

tivihiii oHiijidiPiy irovt* the dedreii prodn<‘t. Thi^. heatnd hides are 
iii*\l |»he’*'d ns a fa.ii pit nr in bark liquor. Nmnerous bacteria 
yeast aiai Jiittlfin iti-eiir in ilm I>ark licjuor and play a, part in the 
fiiiishiiig of tIff' prodtai. 

VacciMS, \ 'uioiifio i-. a killed or wea,k(aHaI fatt(‘nuated) siis- 

piuedoii of ori:aiii iir-^ lo be iiioeylafed into the laxly for the purpose 
of eair-iiitf the ilr-ieiofiifieiit of alt aetive immunity. 

llie \aoriiii‘ ii/aiiilly firepareil from a fnnsli twenty-four-hour 
growth of tie* iiii«'rooigiiiiisiii oii a.gar. '’Fix* surfacxi growth only is 
lakiii. fiiu ;ooiiliiig o-rfiniiary inetabolie produets wliich may be 
foriiied. 11lf' are iLsiiully kill<‘d by exposure to heat at 

friiiii oPi f*» ^ . for oiie hour. High lieat, while (x^rtain to kill 

the \iriis. in iiinle-dntble fur the njasoii that it coagulates the protein 
siiloitaiiee-' if! fbo baeferia! eell and otlxu’wise alters its chemical 
sfriicfiire. 11e* t !o er the vaceine approaHies the virus the better 
the re nil and liirhei* fhe refilling immunity. For this reason many 
\vork«*r pis b r Li!! tfie biteferia with chemicals, carbolic acid, 
cliloroforim or fiiiii* of her siiifitblct germicide. 

llie \lrU' is obtained l)y passing the microorganism 

tlirfUiLdi !h*' bod; of .,oiiie aiiiiiiiib an smallpox through the heifer 
by mliioh if ^irnieifee ftir mall is reduced. At other times it is 
grott II Utah r adi fi* eoiiditiorLs »liigli tcmfieratures, artificial media, 
nr ill tiio pn oun td aiifi epfiis, niter which it becomes less virulent. 
I byifig i If #'d ill ilie rm'c of the virus of rabies. 

Ill the propanifioii of antitoxins the bacterial cell or some of its 
priidiief . are into a suitable animal, and after sufficient 

time lia, elap *t'#i bhiofl i-i drawn and after appropriate treatment is 
used for tla^ nire or previmf ion of disimse. 
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Abiogenesis, 19 

Acid, acetic, production of, by bacteria, 
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butyric, production of, by bacteria, 
86 

carbonic, influence on calcium car- 
_ bonate, 172 

citric, production of, by mold, 87 
formic, produced by bacteria, 85, 87 
gluconic, from dextrose, 86 
hippuric, action of bacteria on, 92 
lactic, mechanism of formation, 86 
production of, by bacteria, 85 
oxalic, produced by molds, 87 
phosphates, action on calcium car¬ 
bonate, 172 

propionic, from propyl alcohol, 86, 87 
sulphuric, produced by sulphur bac¬ 
teria, 179 

uric, action of bacteria on, 91 
valeric, produced by molds, 87 
Acid-forming bacteria in milk, 376 
Acids, amino-, from proteins, 86 
influence on denitrification, 241 
on potassium of soil, 180 
produced by Azotobacter, 269 
by bacteria, 84 
in soil, 172 

in cellulose fermentation, 328, 330 
in milk, 376 

by nitrifying organisms, 176, 178 
Actinomyces in soil, 169 | 

Aeration, influence on ammonia pro-! 
duction, 202, 203 
on Azotobacter, 281 
on denitrification, 242, 246 
on nitrification, 230 
on number of bacteria in soil, 162 
on Ps. radicicola, 312 
on toxicity of arsenic in soil, 124 
Aerobacter, 251 
Aerobes, 69, 109 
Air,’ bacteria in, 336, 339 
inspired and expired, 339 
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how bacteria enter, 336 
Air-bome infection, 339 
Alcohol as disinfectant. 111, 112 
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reactions of, 83, 84 
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relationship to Azotobacter, 274 
Alinit, 250, 251, 285 
Alkali, influence on nitrification, 220 
Amaneta muscaria poisoning, 396 
Amidases, production of ammonia by, 
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Amino-acids, alcohol from, 84 
ammonification of, 206 
in Azotobacter, 268 
formation of, by Azotobacter, 270 
in legume nodules, 309, 310 
Amins, formation of, by bacteria, 90 
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by actinomyces, 170 
chemistry of process, 204-207 
fungi-producing, 197 
influence of a^ation on, 202, 203 
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of manure on, 153, 154, 155, 159 
of moisture on, 200, 201 
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of sodium salts on, 145 
of soil on, 200 
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methods of studying, 198 
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Azotobacter vinelandii, pigments of, 
270, 271 
vitrium, 251 

influence of manure on, 206 
woodstownii, 251 
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Babes Ernst” granules, 43 
Bacilli, 37 

Bacillus, aceto-ethylicum, formation 
of acetone by, 411 
acidophilus, in ensilage, 413 
aeris munitissimus, in sewage, 361 
amylobacter, nitrogen fixation by, 
251 

amylozyme, formation of butyric 
acid by, 411 

anthracis, action of salt on, 67, 408 
influence of pressure on, 107 
temperature relations, 97, 98 
aquatilis, in water, 346 
asteroporus, nitrogen fixer, 251 
aurantiacus, 346 
azophile, 267 

bifermentans sporogens, 190 
botulinus, 400, 401 
acid production by, 86 
influence of salt on, 408 
morphology of, 400 
bulgaricus, 370, 377 
in silage, 413 

ccntropunctatum, as denitrifier, 241 
243 

cereus, 167, 168 

cultural characteristics, 167, 168 
morphology of, 167 
physiology of, 168 
in soil, 165 

cholera), action of salt on, 67 
circulans in sewage, 361 
in water, 346 

cloacae in canned beef, 394 
in sewage, 361 

coagulans, survive pasteurization, 
392 

coli, 243 

action of copper on, 123 
on phosphates, 174 
aerogens in cheese, 390 
communis in milk, 376, 377 
in eggs, 393 

indol and skatol production by, 89 
products formed by, 85 
as putrefier, 190 
in sausage, 394 
in water, 346 
weight of, 64 
cyanogenes in milk, 376 
pigment production of, 93 
delicatulus in sewage, 361 
denitrificans, 240, &1 


Bacillus denitrificans, enzymes of, 244 
longevity of, 245 
detrudens in cheese, 394 
diphtheria) in butter, 389 
influence of salt on, 408 
in milk, 377 

temperature relations, 98 
diplococcus griseus in putrefaction, 
190 

dysenterisD, Flexner, in milk, 377 
Shiga, in milk, 377 
ellenbachensis, 250 

action on cyanamid, 221 
enteritidis in food, 397 
in water, 346 
ery thro genes in milk, 376 
ethaceticus, alcohol produced by, 83, 
411 

fecalis in sausage, 394 
ferrugineus, 333 
filefaciens, as denitrifier, 241 
fitizianus, alcohol-producing, 83, 411 
flitrovorum, as denitrifier, MS 
fluorescens, action on cyanamid, 221 
in eggs, 393 

liquefaciens, carbon requirements, 
242 

denitrifier, 241, 243 
in water, 346 

non-liquefaciens, in water, 346 
pigment production by, 93 
in sewage, 361 
fiilvus in water, 346 
fuscxis, 361 

hartlebi, denitrifier, 241, 242, 243 
helvolus in sewage, 361 
hyalinus in sewage, 361 
icteroides, ammonia-producing, 196 
janthinus, pigment production by, 93 
kirchneri, action on cyanamid, 221 
lactimorbimic melitensis, in milk, 377 
lactis acidi, in milk, 376 
aero genes in water, 346 
viscosus in milk, 376 
nitrogen fixer, 251 
leprae, nitrogen requirements, 68 
levaniformus, nitrogen fixer, 251 
licheniformis in string beans, 394 
liquefaciens in sewage, 361 
liquidus in sewage, 361 
megatherium, 165, 166 
action on cyanamid, 221 
ammonia produced by, 196 
cultural characteristics of, 165 
denitrifier, 241 
in foods, 394 
morphology of, 165 
physiology of, 165, 166 
in soil, 165 

mesentericus, in bread, 392 
in cheese, 394 
in eggs, 393 
. nitrogen fixer, 251 
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Bacillus mesentericus, survive pasteur¬ 
ization, 392 
vulgatus, 196 
in sewage, 361 
methanicus, 334 
monadiformis in sewage, 361 
mucosus in eggs, 393 
mycoides, 166, 167 

action on cyanamid, 221 
on phosphates, 174 
ammonia produced by, 194-196 
cultural characteristics of, 167 
denitrifier, 241, 242 
morphology of, 166 
optimum conditions for, 195 
physiology of, 167 
in soil, 165 
nibilus in sewage, 361 
nitrator, 225 

nitrovorum, denitrifier, 241^ 
ochracens in water, 346 
orthobutylicus, formation of butyric 
acid by, 411 

pammellii in cheese, 394 
paratyphosus, in food, 397 
in milk, 377 

perfringens in putrefaction, 190 
pestis, influence of salt on, 408 
phosphorescens, influence of temper¬ 
ature on, 96, 98 

pneumonae, nitrogen fixer, 251 | 

prodigiosus, denitrifier, 241, 243 
in milk, 376 
nitrogen fixer, 251 
pigment produced by, 93 
in water, 346 

proteus, indol and skatol formation 
by, 89 

in putrefaction, 190 
vulgaris, action on phosphates, 174 
ammonia-producing, 196 
denitrifier, 241 
in water, 346 
zenkeri, as denitrifier, 241 
in sewage, 361 

pseudodiphtherise, influence of press¬ 
ure on, 107 

punctatus in water, 346 
putidum, action on cyanamid, 221 
putidus in putrefaction, 190 
putrificus in putrefaction, 190 
pyocyaneus, carbon requirements of, 
242 ^ 

denitrifier, 241 
pi^ent produced by, 93 
radicicola (See Ps. radicicola) 
nitrogen fixer, 251 
ramosus, ammonia-producing, 196 
in eg^, 393 

non-lxquefaciens, as denitrifier, 241 
rubefaciens in water, 346 
ruber in water, 346 
rubescens in water, 346 


Bacillus simplex in soil, 165 
sporogenes in sewage, 361 
stillatus in sewage, 361 
stutzeri, as denitrifier, 241 
subtilis, action on cyanamid, 221 
on phosphates, 174 
in corn, 394 
as denitrifier, 241, 243 
physiolo^cal solution for, 142 
in son, 165 

survives pasteurization, 392 
temperature relationship of, 98 
in water, 346 
tenus in cheese, 394 
tetani, acid produced by, 86 
thermophilis, temperature relations 
of, 96, 98 

tumescens, ammonia-producing, 196 
typhosus, acid produced by, 85 
action of copper on, 123 
in cheese, 390 
in cream, 391 
as denitrifier, 241 
in ice, 350 

influence of freezing on, 100 
of salt on, 408 
longevity of, in butter, 387 
in milk, 377 
in sewage, 364 
in water, 344 
vilatis in spinach, 394 
violaceus, pigment production by, 93 
in water, 346 
viscosus in cheese, 394 
vulgaris, action on cyanamid, 221 
ammonia-producing, 196 
in putrefaction, 190 
vulgatus, ammonia-producing, 196 
in corn, 394 

weichselbaunoii in sewage, 361 
wclchii in com, 394 
zopfi lepsiense, action of, on cyana¬ 
mid, 221 

in putrefaction, 190 
Bacteria, acid production by, 84 
action of drying on, 105 
on fats, 87 
on hippuric acid, 92 
on minerals, 92 
on proteins, 87, 88, 89 
on sulphur, 175, 178 
on urea, 91 
on uric acid, 91 
in air, 336-339 
expired, 339 
inspired, 339 
methods of entering, 336 
number and kind of, 336, 337 
amins, formation of, 90 
in arts and industries, 411, 416 
autotrophic, 67 
in body, 31 32 
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Bacteria, Brownian movement of, 40, 
41 

in butter, 387 
in canned foods, 394 
capsules of, 43 
carbohydrates in, 58 
carbon requirements of, 68 
cellulose in, 42 

changes produced in milk by, 375, 
376 

in cheese, 289, 390 
chitin in, 43 
classes of, in milk, 376 
in water, 345, 346 
classification of, 46-57 
composition of, 58-62 
cytoplasm of, 43 
definition of, 29 
discovery of, 17 
in eggs, 393 
in ensilage, 413 
energy for, 65 
extractives in, 58 

factors influencing number and kind 
in soil, 162, 164, 337, 338 
food requirements of, 63-70 
gradation of, 38 
hemicelluiose in, 42 
hydrolyzing in sewage, 362 
hydrogen requirements of, 68* 
in ice cream, 390, 391 
indol, production by, 89 
influence of antiseptics on, 129-138 
of calcium carbonate on, 139 
chloride on, 142 
of chemicals on, 108-117 
of cold on, 100 
of electricity on, 103 
of gypsum on, 142 
of heat on, 95 
of iron sulphate on, 142 
of light on, 95, 101, 105 
of lime on, 141 
of magnesium salt on, 143 
of manganese salts On, 143, 144 
of manure in soil, 151, 153, 154 
of moist heat on, 99 
of moisture in soil on, 154, 155 
of osmotic pressure on, 106 
of oxygen on, 105 
of potassium salts in soil on, 144, 
145 

of radium rays on, 103 
of Rontgen rays on, 103 
of salts on, 139 
of shaking on, 107 
of sodium salts in soil on, 145 
of temperature and light on, 95-102 
involution forms, 38 
as liberators of phosphorus, 174 
longevity of, 45 
in lungs, 32 
in meat, 393 


Bacteria, metachromatic granules, 43 
method of determining number of, 
160 

in milk, 31, 372, 373 
certified, 371 
common, 372 
condensed, 391, 392 
sources of, 372, 373 
speed of growth in, 374, 375 
moisture in, 65 
content of, 58 
morphology of, 37-45 
motihty of, 17, 42 
nitrogen requirements of, 69' 
occurrence of, 31 
oxygen requirements of, 69 
phosphorus requirements of, 69 
pigment production of, 93 
in plants, 32 
pleomorphism of, 38 
potassium requirements of, 69 
production of heat by, 94 
light by, 94 

ptomains produced by, 91 
r61e in nature, 32 
in sewage, 361 
oxidizing in, 363 
pathogens in, 364, 365, 366 
reducing in, teS 
sheath of, 43 
skatol formation by, 89 
soil formers, 33, 171, 172' 
in soils, kinds of, 164, 165 
number of, 161, 162 
spores of, 44 
stimulation by salts, 147 
in stomach, 32 
sulphur requirements of, 69 
toxicity of salts for, 149 
vital movement of, 41 
vitamine requirements of, 70 
in water, 342 
classes of, 345, 346 
influence of light on, 343 
of sedimentation on, 343 
of temperature on, 344 
weight of, 39 
zooglcea, 43 

Bacterial activities, influence of 
arsenic on, 118-126 
of enzymes on, 71-81 
of manure on, 150-159 
of salts on, 139-149 
counts, value of, 161 
metabolism, 71-94 
products of, 81-94 
toxins, 91 

Bacteriology, agricultural, 27, 36 
dairy, 36 
definition of, 29 
development of, 17-28 
industrial, 36 
pathological, 36 
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Bacterium, acetic acid produced by, 
85 

chrysogloea, nitrogen fixer, 252 
dipbtherise in milk, 377 
lactis aerogenes in milk, 376, 377 
lactus acidi in sauerkraut, 412 
lipsiense, nitrogen fixer, 252 
pasteurianum, acid produced, 85, 86 
morphology of, 411 
pneumoniae, alcohol-forming, 83 
schutzenbachi, morphology of, 412 
tartaricus, nitrogen fixed by, 252 
termo, in putrefaction, 190 
tuberculosis, in butter, 388 
composition of, 59 
influence of salt on, 408 
in milk, 377, 382 
in oleomargarine, 389 
in sewage, 364 

temperature relation of, 96, 98 
Bacteroids, 291, 302, 303 


• C 

Calcium carbonate formed in soil, 173 
losses in soil, 172, 173 
on soil flora, 139 
transformation in soil, 172, 173 
Capsules, 43 
composition of, 61 

Carbohydrates, action of, in soil, 246 
in bacteria, 58 

influence on ammonia production in 
soil, 199 

on denitrification in soil, 242, 243 
on nitrification in soil, 222 
on nitrogen fixation in soil, 262 
products formed from, by Azoto- 
bacter, 268 

as source of carbon, 68 
Carbon bisulphid, action of, on soil, 127, 
128 

on Azotobacter, 128 • 

on plants, 127 

compounds, influence of, on denitrifi¬ 
cation, 243 
cycle, 182, 183 

nitrogen ratio influence on nitrogen 
fixation by Azotobacter, 263 
264 

in soil, 191 

sources of, for bacteria, 68 
for nitrifiers, 220, 221 
for plants, 290 
Catalyzers, definition of, 75 
as ferments, 71, 73 
Canned food, bacteria in, 394 
Canning, 407 
Cellulose, 327 
in bacteria, 42 

decomposing ferments, 327-335 
early observations on, 327-330 


Cellulose decomposition by actinomy- 
cetes, 170 

ferments, aerobic, 333 
function, 333, 334, 335 
involution forms of, 333 
isolation of, 330, 331 
morphology of, 331-333 
products formed by, 332 
recent work on, 333 
in sewage, 363 

temperature relations of, 333 
sources of energy for Azotobacter, 
263 

Cell wall of bacteria, 42 
Cheese, bacteria in, 389, 390 
Chemical preservation of foods, 408, 
409 

Chemicals, influence of, on bacteria, 
108-117 

Chemotaxis, 108, 109, 304 
Chitin in bacteria, 43 
Chlorinated lime as disinfectant, 115 
Chlorine compounds as disinfectants, 

I 114 

Cholera due to water, 351, 352, 354 
vibrio, composition of, 61 
Classification of bacteria, 46-57 
bacterial products, 82 
difficulties of, 46, 48 
from food requirements, 67 
Jensen’s, 67 
Migula’s, 46 
in regard to heat, 96 
Soc. Am. Bact., 50 
of bacterial enzymes, 79 
pigments, 93 

Linnaean system of, for plants, 48 
of waters, 340, 341 

Climate, influence of, on nitrogen fixa¬ 
tion, 283, 284 
Clostridium, 86 

americanum, nitrogen fixed by, 264 
utilization of cellulose by, 263 
gelatinosum, 241 
nitrogen liberated by, 243 
pasteurianum, discovery of, 250 
method of growing, 272 
naorphology of, 252, 271 
nitrogen fixed by, 264 
occurrence of, in water, 254 
physiology of, 272 
sjrmbiosis with Azotobacter, 276 
Cocci, 37 

Cold, influence of, on pathogens, 406 
preservation of food by, 405 
Colloids, influence on Azotobacter, 260, 
261 

Composition of bacteria, 58-61 
of water bacillus, 60 
Copper, action of, on soil bacteria, 122, 
123 

in food, 397 

Crenothrix polyspora, 180 
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FpideniiologiHtV method of working, 

^ 255-258 

Kxtractiw‘« in liactcria, 58, 59 
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1**414,0^4 infinonce of, on nitrification, 
221.225 

^ lews of nitrates from, 231 
Fats, action of bacteria on, 87 
Ft•rinentatiori, lHH-493 
of fileohol, 82, 84 
lilcohoiic, 411 
definition of, 188 
early tlieorieH of, 21, 71, 72 
etizyituts of, 79 
FernientH, extracellular, 72 
irdracctllular, 72 
orgiinize.d, 72 
iinorgfinij5(jd, 72 

Fertilizers, influence of, on legumes, 

212, 214 

Food, bacteria in, 287-394 
fiinetion of, for bacteria, 64 
milk a«, 308-370 
prmrvation of, 404-410 
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Food, pniHervutioii of, hy fniininK, 107 
by <dic,ini(*alH, 4OH, joO 
by cold, 407) 
by drying, 400 
iniportanct^ of, 401 
nmihods of, 401, 407> 
jrcsHun*, lot), 407 
)y HUgar iintl salt, 407, 40S 
pons, law, 400, 410 
rc,(iuircan(*n{.H of bac.Oiria, 00 70 
inaxiiuuin, 01 
ndninuini, 00 
Kood-poincming, OOo 100 
botulinin, 4(Hi, 101 
(‘.laHHCtH of, 005 
(liscmwai {laimalH cauniiig, 
foodn c4UiHing, OOH, 000 
nujiallic., OOO, 307 
paratyphoid catwiag, 3!l7, OOH 
proviiiilion of, 102, 403 
ptomain, 400 

Fonnaldcshyd as dlMiiifcctaa!, I 01 
Freezing, iidlucricc*. of, on bacteria, 100 
in Hoii, 102 , 103 

FruitH, pn‘«(*rvation of, by prcwiirc, 107 
Fnngi, atmnonia production by, IliT 
filanuaitoiis, iiitrog(*n fi»»rH, 252 
FuHCtl c)il, pnaluc'itd in alct)holic for- 
iiunitafitai, H4 

Fniunt work in baeferiobgy, 27 
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on iiitrifiraf227 
on wafer rciffiirf^ifc-nlH in uiiiifi- 
cation, 227 

Viduc of. Ui ?o»il, !!tb 1*42 
Hydrocyanic* ncid, i IT 
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Ici;. bacteria in, 350 
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diHiiiM* dm* t<», 3!I0 
liidiciiii, foriiiatioii of, fill 
Indol, foriitafion of, 

Infer!liirdiitriic. 3310 
c*fiiiHi'd by fooii, 3!l!l 
.Honrrc'h of, III milk, 37 h, ;i7!i 
Inorganic in biif*li*fia, i*l 

liiH*cticidi‘, iiyiiroct'niiic a* id a , IF# 
milphiir dio\iil I lt« 

IllVollIlloll foriliH Ilf liiirlrflii., 3H 

Iron, Sirlioli of bliclrfia »»li, !t2 
biiftcrili, IHO 

iiifliiciicn of, on iiilrific-atioii, 210 
rfa|inrciiii‘!if.i4 of A/Jtlobiictci, 27i!i 
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(Uhkk, in colluloHc, fcrntcittatioip 320, 
332, 333, 334 

(,tonnic‘idal action of moFi heat, 00 
Clemiicddc, 1 Ib 
CHuooho, fdcohol from, H3, Hi 
energy from, 115 
lactic, acid from, HO 
Huccinic^ acid froin, HO 
(ilycogcn in Itactcriii, 02 
C lonocrmcus, 37 
(Iradation of !ia<04iriii, 3H 
<iritnulcii, ** Bid)c*»-Frn«b” 43 
inf!ta<4iromfi-ti<t, 43 
{iriwniioliacUay 251 
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priMluctioii of, by biictcria, !H 
rclaticmihip of bac‘li?rifi to, IMI 
IfemicMilhilowi In biic.ti^riii, 42 
Ifnmatis, iiiflncnci! of, on iiiirogitri fixn- 
tioii, 265 

Humus, clMirnintry of of, 1§2, 

li3 

fomiatlim of, 100 
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blicfcrial 7i 
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Lime, influence of, on nitrification, 219 
on nitrogen fixation, 255 
requirements of soil, Azotobacter 
as an indicator of, 254 
Lipases, 80 
Listerism, 26 
Longevity of bacteria, 45 


M 

Magistssium carbonate, influence of, on 
nitrification, 219 

salts, influence of, on bacteria, 143 
Maltose, 79, 80 

Manganese salts, influence of, on bac¬ 
teria, 143, 144 

Manure, denitrifying organisms in, 240 
green, ill effects from lise of, 158 
influence of, on soil, 152, 156,. 159 
influence of, on ammonification, 153 
on Azotobacter, 266, 267 
on bacteria, 151-153 
on bacterial activities, 150-159 
on moisture of soil, 151 
on nitrification, 153 
on nitrogen fixation, 153, 154 
on temperature of soil, 151 
products of decomposition, 330 
Mass and enzyme action, 78 
Matzoon, 411 

Micrococcus acidi in cheese, 394 
albicans amplus, 361 
candicans in beef, 394 
candidus in baked beans, 394 
casei in sewage, 361 
cereus in beans, 394 
fervidosus amplus in sewage, 361 
flavus liquefaciens in putrefaction, 
190 

gonorrhese nitrogen requirements, 68 
temperature relationship of, 98 
lactis in cheese, 394 
luteus in corn, 394 
meningitidis, vitamine requirements 
of, 70 

pyogenes in corn, 394 
stellatus in beef, 394 
tetragenus mobilis ventriculi, 361 
ureac, 81 
Micron, 39 

Microdrganisms, kinds of, in soil, 164 
Microspira aestuarii, action of, on sul¬ 
phates, 179 

desulphuricans, action of, bn sul¬ 
phates, 179 

Mills Reincke phenomenon, 353 
Milk, abnormal changes in, 376 
acid-forming bacteria in, 376, 377 
bacteria in, 372 
bacteriology of, 368-377 
bitter, 376 
certified, 371 
28 


Milk, changes produced in, by bacteria, 
375-376 
classes of, 371 
of bacteria in, 376, 377 
common, 371 
composition of, 368 
disease and, 378-386 
factors influencing number of bac¬ 
teria in, 372, 373 
as food, 368, 369, 370 
growth of bacteria in, 374, 375 
influence of, on intestinal microflora, 
371 

pasteurization of, 385, 386 
pathogenic bacteria in, 377, 378 
peptonizing bacteria in, 377 
quantity consumed, 368 
sources of infection in, 378, 379 
tubercle bacilli in, 382 
tuberculosis due to, 381 
Milk-borne disease, character of, 379. 

380 

extent of, 380, 381 

Mineralization of soil constituents, 
171-180 

Moisture in bacteria, 58, 65 
function of, in organism, 66 
influence of manure on soil, 151 
requirements of nitrifiers, 226-230 
Molds, acid, produced by, 87 
as denitrifiers, 241 
difference of. from bacteria, 30 
in eggs, 393 

Morphology of Azotobacter, 271 
of bacteria, 37-45 
of cellulose ferments, 331 
of Clostridium pasteurianum, 271 
of nitrifiers, 225, 226 
Motility, organs of, 42 
Mustard, as green manure, 157 


N 

Nitrate accumulations, relationship 
of, to Azotobacter, 284 
influence on loss from soil, 247 
losses of, from soil, 236, 237 
prevention of, 238 

quantities formed in soil, 153, 158, 
235, 236 

used.by legumes, 323, 324 
Nitrification, 28, 34, 208, 238 
of calcium cyanamid, 221 
chemistry of process, 223, 224 
discovery of organisms concerned, 
209, 210 

early knowledge of, 208 
theories of, 208, 209 
energy transformations in, 223 
influence of aeration, 230, 231 
of antiseptics on, 134 
of arsenic on, 119 
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Nitrifk'jiiiou, irifltitjnce of mlriinn oo, 
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rarlwmato cnn, l.'ill 
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of crop on, 221,2:12, 22:1. .221, :rifi 
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of fallow on j 221 2:i:i 
of grtscii iimiiiirc, on, Ifsll to!) 
of Kypstnn oit, 112 
of iron Hulphairt on, 112 
of lirfii on, 2:10 
of lincj on. M l 
of inapi(!Hinin HalM <«!, IK# 
of mangantistt nalls^ oii, 142, 111 
of rnitnuro on, 152, 151, 155 
of mcHHiurc on, 151, 155, 22r» 2211 
of organic matter on, 'iU, 222 
of poiaHHiuin Hiiltii on, Ml, 115 
of reaction on, 21H, 21!) 
of seawni on, 224 
of Hodiiiin KiiitH on, 111, M5 
of ieinperaf.nre <ni, 2211 
of watitr-lif»l<ling nipacilv of noil 
on, 22B, 22!) 

iHolalion o( organiHiiiiH <*oiii*rrfti‘iI, 

21I--2I5 

Hiimiilation of, by nalte, 147 
^ joxidiy of imliM on, 11!) 

Nitrifying fcnnente, iliHirilcif imi of, 
' 217, 2IH 

function of, in noil, 21.5 
influence of ilcptli of ,Hoil f»ii, 2lH 
of hcait cui, 22l» 
iHoIiiti(ut of, 211-215 
niciafjolisin of, 22.'b 221 
NiiriUi iiitrf^gen in Boil, 22H 
Ni tre )bact4ir, 211, 21fI 
nmrpbolc»gy of, 22b 
KoanatH of energy for, 211. 215 
Nitrogen in cropH,':fJ), ,121 
cycle., 182, IH4 

lixftiion, elieiiiic'iil theory of, 2ill, 2511 
early ihcf^rieB of, 2!li 
energy for, 212 
infliiehce of fiilRition on, 1112 
of firBcnic on, !2f) 
of eoinbiimci iiilrt^geit on, 25fl 
of rultivalion on, 2 h:| 
of ferlilizern on, :ii:i 
of green niiimirf*t4 on. |5fl 
of heated »oil cm, 121 
of nmnare on, 151 
c^f nnuHtiiri! on, :il2 
of KeiiHon on, 2H2 
of iempeniinro on, 2711, 281^ 212 
niec.hnnwrn :ilMI 212 
in Hoi!«, 24, 25 

fixed liy Azfd/Obfteier, 2f»4j 2115 
in logiiiiM!«, :i2.'b *221: 
lilieratic'm of, by fmcti'iriii, 243 
kmm in nltrififnilion, 225 
in luMliiIim .109 

noil gaifii iHi 287j 115, IHh 152 
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BoiircrK of, for bmirrin, OH 
in I f»li 221), 225 
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leiofrrinl giioifli ol, 2,01, 2tl5 
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87 

iiifitieiii'o of prooMire on, |ii7 
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Pigment, production of, by actino- 
mycetes, 169, 170 
by Azotobacter, 94, 270, 271 
Pigments, classes of, 93 
production of, 93 
Plants, classes of, 30, 31 
elements in, 181 
poisonous, 395, 396 
Plasmolysis, 67 
PleomorpMsm, 38 
Pneumococcus, 37 
Poison, metallic, 396, 397 
Poisoning, 395-403 
classes of, 395 
food causing, 398 
from diseased meat, 397, 398 
from ensilage, 414 
prevention of, 402, 403 
ptomain, 400 
symptoms, 397, 398 
Poisonous foods, 395, 396 
Polar bodies, 43 

Potassium carbonate, influence of, on 
nitrification, 218, 219 
liberation of, by bacteria, 180 
requirements of Azotobacter, 257 
of bacteria, 69 

salts, influence of, on bacteria, 144, 
146 

in Utah soils, 320 
Preservative, definition of, 110 
Pressure on bacteria, 106, 107 
for preserving food, 107 
preservation of food by, 406, 407 
Proteases, 80 

Protein, action of bacteria on, 88 
hydrolysis, 204, 205 
liquefaction in sewage, 362 
as source of carbon, 68 
Protista, 29 

Protozoa, action of antiseptic on, 131 
of arsenic on, 121 
of heat on, 131 
Protozoan theory, 135 
Pseudomonas fluorescens, 168 
ammonia-producing, 196 
morphology of, 168 
physiology of, 168 
in soils, 165 

nebulosa in sewage, 361 
ochracea in sewage, 361 
radidcola, 292 
bacteroids of, 303, 304 
commercial cultures of, 318 
cultural characteristics of, 297-299 
entrance into host, 304 
influence of acids on, 297 
of aeration on, 312 
of drying on, 299 
of fertilizers, 313, 314 
of moisture on, 312 
of phosphorus in soil, 178 


Pseudomonas radicicola, influence of 
temperature on, 299, 313 
■ metabolism of, 306-308 
morpholopr of, 299-303 
relationship to host, 305, 306 
sources of energy for, 312 
species, 292-299 
staining of, 303 
turcosa in sewage, 361 
Psychrophehc bacteria, 96, 97 
Pteridophytes, 30 
Ptomain poisoning, 400 
Ptomains, 90, 91, 189 
Putrefaction, 188-193 
definition of, 188 
organisms concerned with, 190 
products of, 190, 191 

E 

Rabies, 26 
Radiobacter, 251 

Radium rays, action of, on bacteria, 103 
Rain, influences of, on soil nitrates, 236 
Rays, ultraviolet, as catalyzers, 225 
Reducing enzymes, 79, 81 
Reductase, 81 
Retting of flax, 414 
Rhizobium beijerinckii, 297 
radicicola, 297 

Rontgen rays, influence of, on bac¬ 
teria, 103 

Rotation and soil fertility, 325 
Rothamsted, 321, 322 


S 

Salt, influence of, on bacteria, 67 . 
Salts, influence of, on bacteria, 139, 147 
on bacterial activities of soil, 139- 
149 

toxicity of, 145, 146, 149 
Sarcina alba in sewage, 361 
aurantiaca, pigments of, 93 
lutea, pigrnent of, 93 
production of ammonia by, 196 
in water, 346 
Sauerkraut, 412 
Schizases, 79 
Schntz-Borissow law, 78 
Season, influence of, on Azotobacter, 
281, 282 

Sewage, bacteria in, 361, 362 
composition of, 360 
disposal of, 366, 367 
hydrolyzing bacteria in, 362, 363 
oxidizing bacteria in, 363 
pathogenic bacteria in, 364, 365, 366 
reducing* bacteria in, 363, 364 
Shaking, influence of, on bacteria, 107 
Sheath, 43 
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Spa|i;(5, kaiHKjratun^ of, 94 
Silkworni dwoaHO, 2^i 
Skaiol, fonnaiioin of, by baidtaia, Sfl 
HtuallpoXj 24 

HodiumBaltB, inOuoiHas of, on haob^ria, 
145 

Boil iwstincHuycetcB, 159 
arncaiic io, 118 

l>a(iioria, acttion of, on prof4.;inH, H8 
m forrnorK, 82, 88, 171, 172 
number of, 151, 152, 158, 154 
^ in wat4jr, 845, 847 
biolo^ica] diangeH produecnl irp by 
baotcjrla, 155 
definition of, 171 
flora, 150^ 170 

|r,ain in mtrogcm, 248, 2H7, 2H9, 815, 

815 

influenee of anilsfiptioH on, 127 
of carbcjn bLsulpnkl on, 128, 129, 
181 

of fniomiK on, KM), 101 
of green manure on, I5fl 159 
of heat cm, 127, 181, 182 
of inanuns on, 150 

inoculation, 284.287 

inethodH cd, 815-817 
loHH of nitrato from, 285, 288 
organic; (amHtitmmiM of, 198 
phcwphoruH, lilatraiion cd, 178 175 
fdant# food in Ktah, 820 
potfWHium, litairation <d, IHO 
pHycdirophilie baciicjria in, 95, 97 
temimraturcp 151, 154, 2H0, 818 
Hpirilliirn eliolcjnis iwifitic*4if, 97, 98 
desulphurieans, 178 
Bpirophylliiin ferripntnim, 180 
Bimntaneoug gimeration, 18, 19 
Bpores, 44, 45 
gennination, 45 
rcjsfetanee, 44 
Biaphyloeocmi in agp, 898 
HtaphyloeoeeuM aiircstis, plpnurit cd, 98 
8urviv« paakmrimtJori, 392 
pyogenes albiw in ptitrefaeiiori, 19(1 
Btreptoooecns eoligracilk in sewage, 
851 

enteritis in sewage. 351 
lacticui!, atocricjo of kaial&ne in, HI 
acid produeed by, 85 
in sauerkraut, 412 
pyogenw in putrefacjfcioiii 190 
Bubstrata, 75 

Bugar and salt, an pK»ervatives, 407 
8ulpliat«, aetion of bacteria cm, §3 
reduction of, by enr^yimw^ HI 
Bulpbur, action of !>afitena on, 175, 
178 

bacteria, 179 
cycle, IM 

diorid as a diiinfactant, 115 
requiremant of Az/ifobacter, 259 
of bacteria, 69 


Sulphurir aeiil, eatnlvtif proii!ir !imu <»f. 

, 75 ^ 

Bymbiohk, 80l» 

lUismg AziifHbartrr, 27li 


T 

‘ Tanninc*, 4 14 , 415 

, 1 Vmperature, and eoagnliition of bin*, 
ieriiil pnitf^pliteiii, fH'i 
fatal, 

influenee, fd, «»n biirferiju 95, |IIO, III! 
on eii/*yiiieM, 79 
j on deni!rifiralion, 1!I5 

; on legume baeieria, 818 

■ on iiiiinuri? in wdl, 151, 151 
on nil rifieitfioii, 280 
on nitrogen liAeil, 27!t 2HO 
on reitefioiti^, 95 
on wdl, 154 
on water bart4*riii, 841 
relit!icmsliiiIS of liatie*riii, !*7 
llittllfipiiyle^, 80, 81 
Thfuiitiil dentil point, 99 
l1if?niiopliilic biiiieriii, iMk 97 
orgaiitetim im idfrogeii IkerH, 27!*, 
2 H 0 

lliiritlirix, 179 

loliittne, fiefiiiii of, on noil, Kiii 
'roxicymiiiimtliitls iii liiwlape II I 
I’oxifity of salt f«»r bfirtrria, 1 l!i 

91 

bacferial, in wiil, t8H, *i8l» 
fomiiitifiri fib in Hoik 285 
^ Infliiitiici; of lieat. on, 182 
Tryptcipliiin, iwlioii nf bfieteriii «iii, 8fl 
'ftiliiirr.Iim, root, eiirl? fil«iir%8ifiofia fiin 
291, 292 

Iklaimdirytistt y 3H3, 384, 885 
TtllMircillcwis lUiioiig rtttiJf*, 881. 882 
due to milk,^880, 381 
I’yplifdfi liariili, rei^ifitiirire of, tn Irnttk’ 
add, :IH7 
larriere, 8!lll 

canine oi, fieleritiifiijii, 855 
cbarftcter of oiifltreftk erf, 355 
dm; to milk, 8711, 88(1 
to water, 851, 352, 854 
para, oiitbrfmk», 397, ;IIIH 


V 

llitEA, itcticiii Ilf liftctorta on, §1 
Urea«,^S0 

Uric? mud, |irfMiti«!l*i froiti, III 
!lricj.», §2 

¥ 

Vaccike, for ftntbrax, 25 
faccinw, 415 
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Vinegar, bacteriology of, 411, 412 
oxidase, 81 
Vital movement, 41 
Vitamin requirement of bacteria, 70 
Vitamins in milk, 370 


W 


Water, catalytic action of, 66 
chemical purification of, 349 
cholera due to, 352, 353 ^ 
classes of bacteria in, 345, 346 
classification of, 340, 341 
disease and, 351-359 
diseases transmitted by, 352 
drainage, nitrogen in, 237 
dysentery due to, 353 
ground, 341 
importance of, 340 
influence of, on ammonification, 200, 
. 201 

on Azotobacter, 276, 277 
on denitrification, 244 
of food on number of bacteria in, 
344, 345 

of light on number of bacteria in, 
343, 344 

on nitrification, 226-230 
on nitrogen fixation, 276-278 
on Ps. radicicola, 312, 313 
of sedimentation on bacteria in, 
343 


Water, influence of temperature on 
number of bacteria in, 344 
intestinal bacteria in, 347 
natural purification of, 347, 348 
• purification of, by alum, 349 
by chlorazine, 349 
by potassium permanganate, 349 
soil-bacteria in, 346, 347 
solvent, 66 
stored, 341 
surface, 341 

typhoid due to, 354^ 355 
Water-holding capacity of soil, _ re¬ 
lationship of, to ammonification, 
201 

Y 

Yeast, action of, on phosphates, 175 
as denitrifier, 240 
difference of, from bacteria, 30 
nitrogen fixed by, 252 
production of ammonia by, 194 
Yellow fever, 26 

Z 

Zinc, action of, on bacteria, 123, 124 
Zoogloea, 43 

Zjmase, phosphorus requirements of, 
83 

Zymases, 80 
Zymo-excitor, 76 
Zymogen, 76 



